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CHAPTER 1 
INTRODUCTION 
The Purpose of The School In Regard to Arithmetic.—A knowledge of 
arithmetic is becoming more important in this complex civilization. It is 
not expected that all citizens should become trained mathematicians, however, 
every well-educated person should know a reasonable amount of mathematics 
and they should know how to apply the knowledge intelligently. 
If Bone of the present day ills of this country could be traced to 
their origin, it would be found that the cause is either a lack of knowledge 
of the mathematics underlying the situation or the failure to appreciate 
the mathematical implications. Everyday life problems are sometimes mis¬ 
understood because there is a lack of knowledge and appreciation of the most 
common kind of arithmetic. This is why so many housewives have been cheated 
by dishonest salesmen and why so many people don’t know how to investigate 
the unreasonable cost of some installment buying. Persons have lost their 
life savings because they can't solve or appreciate the most obvious types 
of informal arithmetic.* 
Driscoll says: "The purpose of the school is to integrate the child 
into society."^ When he steps out into the world, he must be able to live 
in it as he finds it, not as he had expected to find it. If he can adjust 
himself to the ever-changing world he will be a success. The school should 
be a training ground in providing experiences that will allow the pupil 
to make adjustments to his own contacts. These experiences must be life 
like and interesting to the pupil. For arithmetic the experiences mist be 
- 
C. H. Judd, "Informational Versus Computational Mathematics", Hie 
Mathematics Teacher. XXII, (April 1929) pp. 187-96. 
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number-provoking, so that the solution will satisfy a want and need.^ 
The school's task in respect to arithmetic is generally understood to 
be working with numbers only* This idea does not reach the fundamental task 
of the school, that being an attack on arithmetical illiteracy. Some people 
are illiterate in dealing with ideas expressed by numbers just as some are 
illiterate in dealing with ideas expressed by words. Compentency in arith¬ 
metic, is something more than working with symbols or numbers. To be compe¬ 
tent one must appreciate the meaning attached to the numbers or symbols and 
also have the ability to apply the symbols in order to make thinking easy. 
It takes much time to give the pupils the experience out of which he 
may build number ideas for himself, therefore the teaching of arithmetic 
should begin early in school. It may well begin in the first grade and re- 
p 
ceive greater attention in the junior and senior high schools. 
The Purpose of Arithmetic i—The purpose of arithmetic has changed as 
man has become more enlightened. The first purpose of arithmetic was to aid 
in working for a wanted answer in a known business situation. The first 
form of trade (barter), came into existence during the early development of 
man. This was merely the exchange of goods. In order to make trade easier, 
money was used as a medium of exchange. A value was set upon money which 
made it necessary for man to estimate prices, figures and quantities. 
When arithmetic entered the school, it entered as a need for adult life. 
The pupil was taught facts for future use. Some teachers believed that if 
the pupil learned all the number facts verbatim, he could accurately perform 
all the fundamental operations with them. 
Ï 
Josephine Driscoll, "The Purpose of Arithmetic". Educational Methods. 
XVI (1936-1937), p. 210. 
2 
B. R. Buckingham, "Arithmetic as a Contribution to a Liberal Education", 
Elementary School Journal. XXXIX (April 1939)» p. 577-578. 
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The problems that were used were taken from adult life. They included 
the experiences of men in various walks of life. The more intricate the 
problem the better it would develop the so-called faculties of the mind. In 
other words, arithmetic became a mental discipline. 
The results of the arithmetic taught was not satisfactory. When measured 
J by the ability to use the accumulated mental product in a business situation, 
the results did not justify the method. The original purpose had been over¬ 
looked while striving to ençhasize mental discipline. 
A better procedure is based upon two very important principals, namely* 
1.. "Arithmetic is a social subject because it deals with experiences 
of people." 
2. "These experiences produce the need of number; in other words, the 
use follows the experience."1 
Arithmetic is a social study because it is the only learning available 
to all people for establishing order, accuracy and punctuality. There are 
many languages spoken by civilized men everywhere, but the one language com¬ 
mon to all is the language of arithmetic. 
Since we have passed from an economic era of letting people do as they 
will or may, to an era of scientific and political control, citizens 
must acquire a new sense of mathematical power, confidence, and insight. 
Too many times in the past, people were contented to have experts do their 
figuring or have calculating machines add and subtract for them. The un¬ 
scrupulous salesman, confidence man and swindler are experts at figures. 
The remarkable history of arithmetic is another reason it is a social 
study. Many, many years before recorded history, man had to compute by 
means of an instrument. Such articles as strings, stones, and sticks were 
Ï ' —— , 
Josephine L. Driscoll, "The Purpose of Arithmetic", Educational Methods. 
IVI (1936-1937), p. 208. 
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used. The Hindu-Arabic system, with its zero as a place-holder, gave man 
a notion of performing operations with the number symbols themselves. Our 
form of notation, actually expresses number in a way to assist thinking. 
Soon after the Hindu-Arabic system became known in Europe, the.decimal 
system was invented. Next came the development of logarithms, the idea that 
any number may be represented as a power of ten. These developments have 
decreased difficulty in studying physics, navigation, surveying, mechanics 
and astronony. 
Our system of notation aids much in the management of modern affairs. 
Large enterprises could not function smoothly in making accounts and systems 
of records if it were not for our system of notation. 
Since our system of notation is so important in aiding socially, it is 
clear that the school curriculum of arithmetic should take account of this 
fact. A new point of view through the entire range of the subject would be 
justified by the significance of the number system as a system. If a pupil 
knows the number system well, he will never have to learn as an abstract 
male the fact that four-fifths of a number is four times as much as one- 
fifth of it. He will not misplace the decimal point in dividing. He will 
be able to estimate the approximate answer of a problem before working it. 
He will also apply the results critically after he has obtained them. 
Arithmetic is a system rather than a series of unrelated items. All 
of its parts hang together and it must be learned as a system if the results 
are to be liberalizing ."*■ 
Josephine Driscoll states thé purpose of arithmetic very well when she 
sayss "...The true purpose of arithmetic in our schools is to provide the 
child with meaningful experience out of which will grow the need of number 
1 
B. R. Buckingham, "Arithmetic as a Contribution to a Liberal Education", 
Elementary School Journal. XXXIX (April 1939)» P* 581-583* 
i I 
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and the opportunity to apply it."^ 
Reasons for Failure in Arithmetic.—A large number of pupils pass 
through the elementary, junior high, senior high and even the college each 
year with very little skill in working with numbers. This happens in spite 
of diligent efforts on the part of teachers and administrators. The large 
number of failures due to deficiency in arithmetic is an expense to the 
schools and also the pupils. The public at large, especially the employer, 
has a critical attitude concerning these failures. Some of the common 
reasons given for failure are: 
1. Poor methods of instruction 
2. An abstract manner of presenting number combinations 
S. Presenting the number combinations before the pupils understand 
the arithmetic situations 
4. Teaching arithmetic before there is a readiness on the part of 
the pupils 
5. Repetition without proper motivation or adequate variety of 
instruction 
6. Irregular attendance* frequent transfer from school to school 
or double promotion. 
Selecting the Problem.—The office records of the pupils in the East 
Fifth Street Junior High School, Chattanooga, Tennessee, reveal that there 
are more failures in arithmetic than in any other subject. 
The problem in this study is to determine the arithmetical difficul¬ 
ties of two classes of eighth grade pupils in this school and to attempt 
a program of individual instruction. 
- 
Josephine Driscoll, "The Purpose of Arithmetic", Educational Methods. 
XVI (1936-1937), p. 208. 
2 
Claud L. Williams, Ruth L. Whitaker, "Diagnosis of Arithmetic 
Difficulties", Elementary School Journal. XXXV11 (1936-1937) p. 592. 
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The public school system of Chattanooga, Tennessee, operates on the 
6-5-3. plan. The East Fifth Street School is composed of both elementary 
and junior high departments. The faculty consists of one principal and 
twenty-nine teachers. The school is open to all pupils (elementary and 
junior high), who live within certain boundary lines on the East side of 
the city. According to the 1940-1941 records of the superintendent of the 
school system, East Fifth Street has an enrollment of 981 pupils with an 
<r 
average daily attendance of 892. 
In this problem, the investigator did not strive to develop excellency 
in all pupils. It was understood that pupils have varying abilities—one 
is born particularly gifted in art, another in science, another in language, 
and another in powers of computations. Some minds will find the way of 
working arithmetic much more fully than others, the objective was to give 
every body and girl a fair chance. 
Some pupils are naturally more rapid than others; some are more in¬ 
clined to accuracy and some have an unusual liking for arithmetic while 
others do not. The aim was to recognize these differences in the pupils 
and realize that success depends largely upon the investigator's imagina¬ 
tion and sympathetic help. 
In the individual teaching, the investigator tried to develop reason¬ 
ing ability, clearness of expression, speed and alertness, and the neatness 
of written work but the most important thing was to develop the art of com¬ 
putation, to do this accurately, and to limit the work so far as possible 
to the needs of people in general. 
Limitation of the Problem.—-This problem is limited to the two eighth 
grade arithmetic classes. The project extended over a period of eighteen 
weeks, utilizing one hour period per day. The individual instruction 
7 
utilized nine weeks for each class. 
Pertinent Literature.—Ethel E. Smith, supervisor of Practice, De Paul 
Laboratory School, Chicago, Illinois, and William H. Burton, former pro¬ 
fessor of education, University of Chicago, sponsored a study of "The Effect 
Upon Pupil Achievement in Arithmetic Reasoning and Arithmetic Computation 
of a Supervisory Program Emphasizing Computation". 
The purpose of this study was to determine the effect upon both reason¬ 
ing and computation of a program stressing computation. 
Four hundred thirty-four pupils of grades three to six were selected. 
There were no Negro or foreign born pupils in the group. The pupils were 
of normal intelligence. The teachers were typical of the average teacher. 
The methods were reasonably similar with regard to individual needs and 
initiative. The tests used were, Stanford General Achievement and Compass 
Group Diagnostic. 
According to the pupils’ needs, a supervisory program was planned. The 
features of the plan were: 
1. Professional readings 
2. Demonstrations and group discussions 
S. Directed teaching 
4. Individual conferences and follow up discussions 
5. Miscellaneous assistance 
Reasoning was not ignored, bub it received no special instruction. 
This part of the work was carried on as it usually was. The supervision 
didn't begin until mid-term. This gave a chance to compare scores on both 
computation and reasoning for the unsupervised period with scores of com¬ 
putation when given special attention and reasoning when not. 
The testing results of September, January and May were tabulated. Gains 
8 
were high and existed throughout the period. Analysis was made in terms 
of probable erro. Gains made while being supervised were compared with 
gains made while not supervised. The effect of supervision was measured 
by the pupils* progress in both phases of arithmetic, in terms of gain 
made with supervision and also without supervision, and with supervision 
of one but not the other. 
For grades 5, 5, and 6, computational gains were greater under super¬ 
vision. The gains for grade 4 were not significantly greater. The course 
for this grade was loaded with new work and the pupils had to spend more 
time than usual on the new work. The gains for reasoning were somewhat 
evenly distributed. One factor that was considered while interpreting 
gains is that the September scores may have been low due to summer vaca¬ 
tion, a loss which was regained. 
The general conclusions of the study are: 
1. Remarkable gains in reasoning were made without supervision 
2. Gains in computation were uneven Tinder supervision, but in 
the majority of the grades they were greater than the gains 
made without supervision. 
3. The study is valuable, as can be seen by the method and re¬ 
sults 
4. It was found that concentrating supervisory attention upon 
one aspect does not result in neglect or regression in other 
phases. 
Claire Zyve, principal of the Fox Meadow Elementary School, Scarsdale, 
New York, made an experimental study of teaching arithmetic combinations. 
The purpose of the study was to compare the effects of blackboard and 
1 
Ethel E. Smith et. al., "The Effect Upon Pupil Achievement in Arith¬ 
metic Reasoning and Arithmetic Computation of a Supervisory Program, Em¬ 
phasizing Computation", Educational Method. ELI (1932-1933), p. 267-270. 
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lantern slide presentations of arithmetic combinations when other ele¬ 
ments in the teaching method were kept constant. 
Pupils of the second grade studied two groups of twelve and two groups 
of fourteen unknown addition and subtraction combinations. The third grade 
pupils of the same school studied four groups of unknown multiplication 
and division combinations. Each group was studied three days. On the 
second and third days tests were given. After the lapse of a week the 
groups were re-studied. Two of the group were studied with the blackboard, 
the other two with the lantern slide. This procedure was alternated. 
The testing method was thus: The teacher taught the combinations to 
all the pupils. The addition and subtraction combinations were studied 
together and multiplication and division together. The pupils watched 
while the investigator presented the combinations by shifting the cards 
on a wire in front of the board. This was done twice with a pause in order 
to give the pupils time to answer. The second day the procedure was re¬ 
peated and the child wrote the answers on paper before the teacher wrote 
then on the board. The investigator exposed the slide and the pupils 
wrote the answers for their test. The test was repeated on the third day. 
The conclusions of this study ares 
1. Two days* teaching of arithmetic combinations by use of 
the lantern slide gave the same results as three days‘ 
teaching using the blackboard. 
2. The blackboard presentation gives 60$ at the end of the 
second day as compared with 75$ when taught by the lantern 
slide. 
5. Teaching by lantern slide has an advantage over teaching 
with the blackboard after a lapse of a week. 
4. The chances are 150 to 1 that if the experiment is repeated, 
results will be in favor of the lantern slide presentation. 
10 
5. It is probable that there is even a greater difference in 
favor of the lantern slide presentation of combinations than 
the results indicated by this experiment.^- 
Leo J. Brueckner, University of Minnesota and Mary Elweel, Duluth 
State Teachers College made a study of the nReliability of Diagnosis of 
Error in Multiplication of Fractions". 
The purpose of this study was to discover whether or not an error 
in procedure in solving a single example in a test is a chance error or one 
that will persist in other examples of a similar type. 
The procedure consisted in analyzing errors made by fifth grade pupils 
who had completed work on four examples of each of six types found in the 
Brueckner Diagnostic Test in fraction multiplication. The types of examples 
used by the investigator were: 
1. Whole number multiplied by a fraction 
2. Proper fraction multiplied by proper fraction 
S. Mixed number multiplied by whole number 
4. Mixed number multiplied by whole number and mixed number 
multiplied by mixed number. 
The examples were arranged on the test exercise at random. Space was 
left on the paper for pupils to work. This helped analyse the errors. 
There was no time limit. Three hundred and twenty-seven pupils in 5 differ¬ 
ent schools in 5 different cities were tested. A detailed analysis was 
made by one of the investigators and checked by the other. A record was 
made of the number of examples missed by each pupil. In most cases reasons 
for the errors made were obvious. The degree to which each pupil missed 
the 4 examples of each type were tabulated. There were more cases in which 
- - 
Claire Zyve, "An Experimental Study of the Teaching of Arithmetic 
Combinations", Educational Methods, Xll (1932-1933), p. 16-18. 
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all 4 examples were missed than in which three were missed. The actual 
total number of single solutions missed was largest in those cases in 
which all 4 examples of a given type were solved incorrectly. The error 
on a single example of a given type was not reliable of what a pupil is 
likely to do on another example of the same type. When the same mistake 
occurred in each of the examples that were incorrect, the error was 
thought to be variable. A study was made on the specific errors of each 
example. The errors of each type were compared to discover the extent 
to which they were constant from example to example. The largest number 
of errors was due to lack of knowledge of how to proceed. Other errors 
were, computation errors, cancellation, errors in work with improper frac¬ 
tions, failure to change mixed number to improper fraction before multi¬ 
plying, disregarding integral parts of mixed numbers and dividing incor¬ 
rectly when reducing. 
A pupil who was consistent in the errors he made was one who made 
the same error in each example or on 2 or 3 examples of the same type. 
If a pupil missed only one out of the four examples in any type it was 
thought that his error might be chance error. 
The number of errors were classified as identical, constant and 
variation, varied, triplets and pairs. The pupils who missed the largest 
number of examples had the largest number of constant errors. This in¬ 
dicated that the weaker pupils were more consistent in the making of errors 
than the better pupils. 
The writers concluded that a test containing single examples of a 
given type is not reliable or valid. One may use the test to locate the 
difficulty but it is not safe for individual diagnosis of the faults. The 
12 
investigators found a high degree of consistency of the type of error 
found in a pupils' work when as many as 4 examples of the same type were 
solved incorrectly.^" 
"Temporary Lapses in Ability and Error in Arithmetic" is the title 
of a study made by F. B. Knight and E. Ford, University of Iowa. The pur¬ 
pose of the study was to consider the effect on the frequency of error 
of position of an example. 
Two hundred sixth grade pupils of four schools were used in the study. 
Four test forms, each containing eight multiplication examples were used. 
Every fourth pupil was given the same form. Sixth grade pupils were se¬ 
lected in order that there would be no confusion between difficulty of 
initial learning and difficulty as a function. 
The number of cases used was substantial so the chance method of 
equating groups was accepted. There was one example in all the forms of 
the test identical. It was found that the percentage of correctness on 
the identical example was about the same in all groups. The 4 groups of 
pupils were considered of respectable size and equal ability in multipli¬ 
cation. There was no time limit to the test. No pupil was allowed to 
correct the original work. 
The papers were corrected and data tabulated. The bulk of evidence 
supported the ascertion that the later a multiplication appears in an 
example, the harder it is. Of all the comparisons made, none failed to 
favor this ascertion. 
The investigators summed up their findings by saying that most of 
the examples showed increase of difficulty with progressive lateness of 
Ï 
Leo J. Brueckner et. al., "Reliability of Diagnosis of Error in 
Multiplication of Fractions", Journal of Educational Research. 2271, 
(1932-1933), p. 175-185. 
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appearance. Two other causes may have caused difficulty. Errors may 
have occurred at the end of the examples because the carrying difficulties 
were more frequent at the ends of the examples used. Errors may have oc¬ 
curred at the end of the examples because hard multiplication combinations 
appeared there more frequently than in the first part of the example. The 
conclusion points of the experiment ares 
1. Attention flickers from split second to split second, how¬ 
ever this flicker does not affect educational methods. 
2. There is a gradual decrease of effective output over long 
periods of time. 
5. No adjustments are made at this time, for short-time lapses 
inability of the type studied in this report. 
4. The study reveals fluctuations of productive ability which 
are hidden in measurements of work over a few minutes of 
time.-*- 
Testing Program,—-This is an experimental thesis. The results of the 
administered tests determined what was to be taught. The tests used in 
this study were; (1) The Henmon-Nelson Tests of Mental Ability, grade 5 
to 8, form Aj (2) Progressive Arithmetic Tests-Intermediate, forms A, B, 
and C. (Grades 7, 8, and 9). 
The Henmon-Nelson Tests of Mental Ability are designed to measure 
the mental ability of elementary and junior high school pupils (grades 3 
through 8). Each form of the test consists of ninety items arranged in 
order of increasing difficulty. A wide variety of types of questions is 
used. This furnishes a test of kinds of ability. Some of ihe types of 
questions are measured by other tests on this level. 
Ï 
F. B. Knight et. al., "Temporary Lapses in Ability and Error in 
Arithmetic", Elementary School Journal, XXXL1, (1931-1932), p. 111-124. 
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The administrât Ion of the tests is very simple, and anyone who will 
follow the brief directions carefully can administer them with ease. The 
time limit is thirty minutes. Scoring was done in a remarkable short time, 
because the Clapp-Young self-marking device was employed. 
Validity and Reliability.—-There is no direct method of determining 
the validity of tests of mental ability. The tests have been constructed, 
however, with such care as to insure all possible validity. Originally, 
297 items were constructed and submitted to experienced teachers for their 
criticisms. From this number 205 items were then selected and administer¬ 
ed in two forms. Only such items as proved to differentiate between pu¬ 
pils of known superior and known inferior mental ability were retained. A 
second experimental edition was then mimeographed, each form consisting of 
101 items. After this edition had been tried out, 90 items were selected 
from among those which had the best predictive value. ^ 
The Progressive Arithmetic Achievement Test-Intermediate Battery is 
a diagnostic-survey group test in the fundamental skills of arithmetic. It 
is standardized for pupils in grades seven, eight, and nine, and contains 
material of sufficient diversity, range, quality and quantity to measure 
the status of groups in these grades. The time for the test is 74 minutes. 
The test is organized to test the knowledge, ability, and skills which 
are of basic importance as the tools of learning mathematics in these and 
higher grades. It is based upon the results of scientific studies in cur¬ 
ricula and on the most progressive curricula of these grades now in use 
in some of the outstanding educational systems. 
- 
Henmon, V. A. C. and Nelson, M. J. "Teachers Manual of The Henmon- 
Nelson Tests of Mental Ability", Houghton Mifflin Company, Atlanta, Ga., 
1931. 
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The test is intended to be primarily of immediate practical value to 
the teacher in revealing which pupils have mastered the basic tools of 
learning in these grades, and for determiningtte particular type of indi¬ 
vidual work necessary for those who are weak in some of the different ele¬ 
ments consisting important tools of learning in these grades. 
The test battery is organized to test arithmetic reasoning and arith¬ 
metic fundamentals. These major tests are subdivided into eight sub tests 
to provide the diagnostic analysis which will enable the teacher to deter¬ 
mine the individual and constructive instructional needs of her pupils. 
For example: 
1. Arithmetic Reasoning 55 
A. Number concept 15 
B. Symbols and rules 15 
C. Number and Equations 10 
D. Problems 15 
2. Arithmetic Fundamentals 80 
E. Addition 20 
F. Subtraction 20 
G. Multiplication 20 
H. Division 20 
Total Arithmetic 155 
There is a possible score of 55 for arithmetic reasoning, a possible 
score of 80 for arithmetic fundamentals giving a possible total score of 
135. 
Reliability and Validity.—-The coefficient of reliability of the 
tests have been computed on the basis of a comparison of odd versus even 
scores for form A with for.jB for a two-grade range is given below: 
Arithmetic reasoning .930 
Arithmetic fundamentals .952 
In determinging the contents of the test battery, test situations were 
selected which are needed for success in the work of grades seven, eight, 
16 
and nine. These materials were prepared by reference to recent courses 
of study which reveal progressive educational practice.'*- 
1 
Tiegs, Ernest W. and Clark, Willis W, "Manual of Directions Progressive 
Achievement Tests-Intermediate Battery, California Test Bureau, Los Ange¬ 
les, California. 
f CHAPTER II 
/ 
METHOD OF PROCEDURE 
This study was made ty using the rotation method. One group of pupils 
k * 
was controlled for nine weeks while the other group was an experimental 
group. See figure 1, page 27. At the beginning of the tenth week the 
groups were reversed. That is, the group that had previously been the con¬ 
trol group became the experimental group and the group that had been experi¬ 
mented with became the control group. These groups are referred to as 
groups Aj and A2 and groups and B2. Group A^ was the first experimental 
group while group B^ was the control group. Group A2 was then the control 
group and B2 was the experimental group. 
It is the custom of the East Fifth Street School to form classes in 
the seventh grade and have the promoted pupils of these classes remain to¬ 
gether throughout the junior high school. It was not the investigators 
privilege to separate these pupils so that there would be in both groups, 
pupils with matching I. Q's. 
On September 11, 1940, the Henmon-Nelson Tests of Mental Ability, 
grades 3-8, form A, was given the two eighth grade classes of twenty-two 
pupils each. The results of the test are found in Table 1 on page 18, 
Table 2 on page 18 and Chart 1 on page 81. The I. Q's of group B are 93% 
as variable as the I. Q's of group A. The mental ages of group B are 92% 
as variable as group A. The chronological ages of groups A are 78% as 
variable as the chronological ages of group B. 
Both groups were given the Progressive Arithmetic Test-Intermediate 
Form A, (Initial test) on September 12. The results are found in Table 3 




MEAN I. Q., MENTAL AGE, AND CHRONOLOGICAL AGE OF GROUPS A AND B 
Mean S. D 
Group A 
I. Q. « • 82.28 • • 11.48 
M. A. (In months) • • 149.3 t 16 
C. A. (In months) : 183.63 : 12.5 
Group B 
I. Q. : 83.55 : in.a. 
M. A. (In months) : 145.7 • • 9.9 ... 
C. A. (In months) » • 179.32 t   
TABLE 2 
SHOWING THE MEAN, THE STANDARD DEVIATION, THE STANDARD ERROR OF THE 
MEAN, THE DIFFERENCE OF THE MEAN, THE CRITICAL RATIO, AND CHANCES 
IN 100 BETWEEN GROUP A AND GROUP B ON THE MENTAL 
TEST 
    Mental Test  
Group A N—22 Group B 
Mean 83.28 • • _ 83.55 
Standard 
Deviation 11.48 • • 10.8 
Standard Error 
of the Mean . 2.44 • •  ZÆ  
Reliability- of the Difference Between the Means 
Difference .27 
Standard Error of the 





Chances in 100 53 (In favor of Group B) 
19 
Explanation of the Results of the Mental Test.—-The score mean for Group 
A is .27 less than the score mean for Group B. The significance of the 
difference is determined lay the critical ratio, which indicates the chances 
of it being considered reliable.The difference of .27 is not signifi- 
f 
cant. The critical ratio of the difference is .08 which means that the 
chances are 53 in 100 that the true difference is greater than zero. 
Explanation of the Results of the Initial Test.—The score means for 
Group are less than the score means for Group A^ on the initial test. 
The pupils of Group have a score mean 3.85 less than Group A^ for arith¬ 
metic reasoning, 3.10 less for arithmetic fundamentals and 5.93 less for 
the total arithmetic mean. The difference of 3.85 for arithmetic reasoning 
is not significant. The critical ratio of the difference is 1.86 which 
means the chances are 97 in 100 that the true difference is greater than 
zero. The difference of 3.10 for arithmetic fundamentals when evaluated 
by the critical ratio .89, means that the chances are 82 in 100 that the 
true difference is greater than zero. The difference of 5.93 for total 
arithmetic is ncrt significant. The critical ratio 1.16 means the chances 
are 87 in 100 that the true difference is greater than zero. In other 
words, if the test were given to the pupils or similar pupils under the 
same conditions for 100 times, Group A^ would make a better score 87 
times. Group would make a better score 13 times. 
It must be remembered that these tests were administered during 
the first week of school. The lapse of time from May 31, 1940 to Septem¬ 
ber 12, 1940 might have had much effect upon the scores. The kind of 
Ï 
Henry E. Garrett, Statistics in Psychology and Education. (New ïork, 
1939), pp. 210-213. 
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material studied, objectives stressed in teaching and other factors deter¬ 
mine whether or not there will be an improvement in a subject during vaca¬ 
tion. It is possible for a pupil to improve in reading during the vacation 
period if he does much reading. Arithmetic is not usually reviewed during 
summer vacations and pupils might show a loss in this subject.^ 
The diagnostic analysis of learning difficulties found in the results 
of this test, assisted in determining the arithmetical status of the pu¬ 
pils . See Chart 1 on page 81 and Chart 2 on page 82 . The responses re¬ 
vealed strengths and weakness and became the basis of desirable instruction¬ 
al activities. Thus the pupils were enabled to improve their abilities 
in these skills which are required for educational progress. 
Immediately, Group became the experimental group in order to give 
special instruction on the types of errors found. Group was the con¬ 
trol group. This group continued with regular eighth grade assignments. 
Number Concept.—The first errors noted were those of number concept. 
Twelve pupils were unable to write numbers larger than 10,000. Some were 
not sure of separating numbers by commas. Pupils 18, 20 and 21 pointed 
off by placing the comma three places from the left. Pupils 9, 12, and 
13 could not read the periods within the number. Pupils 10, 11, 14, 17 
and 22 could neither point off nor read the periods. The class was given 
the following information: To make number reading easy, the figures are 
separated by the comma into groups of three figures eachj thus 2, 136, 
826. The first group counting from the right is called the units* group, 
the second thousands' group, the third millions', the fourth billions' 
- 
Charles E. Skinner, Educational Psychology (New York, 1933), p. 
316 
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the fifth trillions*, et cetera.^ Most of us can only see three or four 
figures at one eye grasp. That is why the business world writes numbers 
as 1,274,368.2 
The pupils were shown the number 1940. They could readily read it. 
When they were shown 61523, it was necessary to stop to think before decid¬ 
ing whether it was 615 thousand, 6 thousand or 61 thousand. As soon as 
the number was written 61, 523, the eye had no difficulty at all. 
Pupils 10, 11, 14» 17 and 22 did not know how to write such a number 
as forty thousand twenty-three. They wrote 40,230. These pupils under¬ 
stood that the units' period must contain three digits but they didn't know 
how to write "23" having three places without changing the value. They an¬ 
nexed the zero, changing the value from forty thousand twenty-three to 
forty thousand two hundred thirty. The numbers "230 and 023" were written 
on the blackboard. Pupil 22 was asked to make a statement explaining the 
similarity of the two numbers. The reply was: "Both numbers contain the 
same digits" • Pupil 19 was asked to make a statement showing the difference 
in the two numbers. His reply was: "In the first number the zero is at 
the right end, but in the second the zero is at the left end". Pupil 11 
was asked to read the two numbers. He said: "Two hundred thirty is the 
first number. No hundred twenty-three is the second". This pupil was 
told to disregard the zero when placed at the. beginning of a whole number. 
He then said: "The second number is twenty-three". Pupil 20 was asked 
to make a summary statement about our work with 40,023* Her reply was: 
"In writing periods of numbers, the zero at the right of the period has 
Ï 
R. L. Jones et*al., New School Arithmetic, Book 11, (Nashville 
1924), p. 1. 
2 
Thomas Henry Brigg et. al., The Classroom Teacher Vol. VII (New 
York 1928), p. 310. 
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value but the zero at the beginning of the period has no value". Pupil 
22 gave his summary statement; "If a certain period of a number is less 
than 100 always place a zero in front of the number to make three places". 
4 
The class was asked to bring news clippings containing large numbers 
to class* These numbers were exchanged and read. The work was carried 
farther by having the pupils point off and write in words the following: 
5000000, 27870006, 98000040 and 604013» During the last twenty minutes 
of the class period an oral test was given. Most of the pupils made per¬ 
fect scores. None of them completely failed. 
Writing Money.—Five pupils made errors in writing "sixty-nine dollars 
and two cents". The error was "$69.2". It is the investigators* belief 
that most of the errors were made through carelessness. Before telling 
1 
the class that some pupils could not write sixty-nine dollars and two cents, 
each pupil was asked to write forty-eight dollars and five cents on a slip 
of paper, sign his name and pass in for correction. All except pupil 22 
wrote the amount correctly. The pupils were asked to tell what general 
method they follow in writing money* Some of the replies were: 
Pupil 2: "I always remember that cents must have two places to the 
right of the decimal?. 
Pupil 19: "I write the dollars and when I hear the word and I write 
the point, then the cents". 
Pupil 4: "I try to remember that if the cents are less than 10, to 
place a zero to the. left of the cents number" * 
The class considered these statements and illustrated them on the 
blackboard. The conclusion was that the best method to adopt was to com¬ 
bine part of pupil 19’s statement with part of pupil 4's statement. "I 
write the dollars and when I hear the word and I write a point, I try to 
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remember that if the cents are less than ten, to place a zero to the left 
of the cents number." By applying the pupils’ methods, money was written 
correctly. 
Roman Numbers.—-The three roman numbers found on form A of the test 
are: LXX, DCC, and M. There were eighteen errors made in writing these 
numbers. The pupils do not use roman numbers often and they are not fa¬ 
miliar with them. Woodworth says: "There is no doubt that the exercise 
of a reaction strengthens it, makes it more precise and more smooth-running, 
and gives it an advantage over alternative reactions which have not been 
exercised" 
The figures on the clock face and chapter numbers in books represent 
practically all of the roman numerals needed in daily life. 
The basic facts about roman numbers were presented in the following 
facts: 
1=1-, V=5, X=10, L — 50, C=100, D — 500, lib*1000. The other numbers 
are represented by combinations of letters in accordance with the follow¬ 
ing laws: 
I. Repeating a letter repeats its value; thus XX represents 20. 
II. When a letter is followed by one of less value, the values of 
the letters are added; thus VI represents 6. 
III. When a letter is followed by one of greater value, the value of 
the smaller is subtracted from that of the greater; thus IV represents 4. 
IV. Yilhen a letter is placed between two letters of greater value, 
the least is subtracted from the 6um of the other two; thus XIX represents 
19. 
Ï 
Robert S. Woodworth, Psychology a Study of Mental Life. (New York 
1928) p. 389. 
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V. Placing a bar over a letter multiplies its value by 1000j thus 
IT represents 1,000,000.1 
When the above information was learned by the pupils, they had a work¬ 
ing basis for writing any roman number they desired. For exercise, the 
pupils were given various important historical dates, their birth dates, 
book chapters and volumes to write and read. The study of roman numbers 
was concluded by dividing the class into two competitive teams. An oral 
drill was given which created much interest. Arabic numbers were given 
alternately to the team members to translate into roman numbers. The re¬ 
sult showed that about 96% of the class was able to write and read readily 
roman numbers that are needed in daily life. 
Concept of Whole Numbers.—Included in this test were four whole 
numbers; 45; 200; 156 and 80. The pupils were instructed to draw a line 
under the largest number. None of the pupils missed this part of the test. 
Concept of Fractions and Decimals.—Four mixed numbers, four decimals 
and four common fractions were given. The instruction was to underscore 
the largest in each group. There were three pupils who missed the mixed 
numbers. For the most part, the pupils looked at the whole numbers to 
determine the largest disregarding the fraction. This could easily be 
done because no two of the whole-numbers were the same. For example, 
89 3/4} 66 1/2, 106 5/6, 55 2/3. 
Such numbers as 75 1/3» 75 3/4» and 75 2/5 were written on the board. 
In selecting the largest of these it was necessary for the pupil to con¬ 
sider the fraction since the three whole numbers are the same. Several 
pupils missed these because many of them did not have a clear conception 
Ï 
R. L. Jones et. al., New School Arithmetic. Book 11, (Nashville 
1924)» p. 4» 
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of fractions. 
An of the pupils were given rulers and instructed to draw 8 inch 
lines on a sheet of paper. The pupils in the first row were instructed 
to divide their lines into two equal parts; the second row, three equal 
parts; and the fourth row, four equal parts. They were then told that one 
of the equal parts into which their line was divided is a fractional unit. 
The denominator of a fraction names the size of the fractional unit as com¬ 
pared with the integral unit. The numerator tells the number of fraction¬ 
al units taken. 
Pupil 4 was instructed to observe the fractional parts in the first 
seat of each row and make a statement concerning his observation. His 
reply was: "I notice that the larger the denominator the smaller the 
parts"• In other words, he meant that fourths are smaller than thirds. 
Pupil 8 said: "The larger the numerator the more parts are taken". 
In other words, numerator 4 means that more parts are taken than numerator 
3. 
Pupil 10 said: "It is hard for me to look at two fractions and tell 
which is the larger". For example; 2/3 and 3/5. 
Pupil 1 gave this suggestion: "When in doubt, always divide the 
denominators into the numerators and consider the decimal". 
Pupils were asked individually to select the larger of two frac¬ 
tions. No two pupils were allowed to use the same pair of fractions. 
This exercise held the undivided attention of all pupils. Everyone 
watched for errors of the classmates. In only a few cases the denominator 
had to be divided into the numerator for the correct selection. 
The decimals to be considered were: .025» .099, .75 and .015. In 
selecting the largest of these eleven of the pupils selected .75. Eight 
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pupils selected .099. When asked why .099 was selected the answer was 
that the number 99 is larger than any of the other numbers. These pupils 
understood that a decimal, like a fraction, represents a part of a whole. 
They were confused about the comparison of the decimal with another. 
Three of the pupils admitted that they guessed because they were 
not sure. 
Of those who were correct, four said they had been taught that the 
decimal hundredths represents a larger part of a whole than does thousandths 
or millionths. Seven pupils had been taught that when a series of deci¬ 
mals are given, always consider the one which has the largest digit next 
to the point as being the largest decimal number. For example, in the 
series; .04, .58, .36, and .69, the decimal .84 is the largest. When there 
are two or more numbers having the same digit next to the point, consider 
the second digit. For exanqple, in the series; .79, .72, .75» and .71, 
the decimal .79 is the largest. When the digit next to the point is a 
zero, consider the second digit. For example, in the series; .052, .095, 
.042 and .023, the decimal .095 is the largest. 
Since this part of the test tests only for concept, there is no reason 
why either of the two methods of recognizing the size of decimals can not 
be used. 
Those who had made errors on decimal concept were eager to try others 
after getting methods from classmates. A group of decimals were written 
on the blackboard. The pupils were able, by using either one or the other 
method, to determine the largest decimal. This work was continued until 
the majority of the pupils were sure of their work. 
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FIGURE 1 
USING THE METHOD OF CROSS-CHECKING OF GROUPS 
Diagram Showing Cross-Checking Method 
Initial Test 
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SHOWING THE MEM, THE STANDARD DEVIATION, THE STANDARD ERROR OF 
THE MEAN, THE DIFFERENCE OF THE MEAN, THE CRITICAL RATIO, AND 
CHANCES IN 100 BETWEEN GROUP A AND GROUP B ON THE INITIAL TEST 
Arithmetic Reasoning 
Group A N—22 Group B 
Mean 26.63 • • 22.78 
Standard 
Deviation 6.35 • • 7.50 
Standard Error 
of the Mean -1-33 • • 1.59 
Reliability of the Difference Between the Means 
Difference 3.85 
Standard Error of the 
Difference 2.07 
Critical Ratio 1.86 
Chances in 100 97 (In favor of Group A) 
Arithmetic Fundamentals 
M 




Standard Error of 
the Mean 1.91 2.88 
Reliability of the Difference Between the Means 
Difference 3.10 
Standard Error of the 
Difference 3.45     
Critical Ratio .89 
Chances in 100 82 (In favor of Group A) 
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(Table 3 continued) 
Total Arithmetic 
Group A N—22 Group B 
Mean 73.30 : 67.37  
Standard 
Deviation 12.50 : 20.50 
Standard Error of 
The Mean 2.66 :  4*37  
Reliability of The Difference Between the Means 
Difference ' 5.93 
Standard Error of the 
Difference 5.11 
Critical Ratio 1.16 
Chances in 100 87 (In favor of Group A) 
Concept of Negative Numbers.—The instruction was to underscore the 
largest of the following: 3/4, (3/4)2, (2/3)4, (7/S)3. 
At our school the classes are not taught powers of numbers (except¬ 
ing the square power), until they are in the ninth grade. For this reason, 
this part of the test was not understood throughly and only a few pupils 
were able to underscore the correct fraction. Some pupils, after seeing 
(3/4)2, reasoned that the exponents "4" and "3" had the same relationship 
to the fractions 2/3 and 7/8 as the exponent "2" had to fraction 3/4» 
These pupils were able to determine the largest fraction. Other pupils 
thought that (2/3)4 meant 2/3 x 4* 
Pupil 15 asked: "What do you mean by power of a number?" The answer 
given was: "A power of a number is the result of multiplying that number 
30 
by itself one or more times".1 BTile P°wer is indicated by the exponent 
2 
in each case". 
The pupils applied this information to examples that were written on 
the blackboard. Raising fractions to powers became so interesting that 
we carried this work into the activity period as recreation. The class 
was divided into groups. Each group was given a number of fractions to 
raise to various powers. The first group completing this assignment 
with less errors was considered the winning group. This made for ac¬ 
curacy, speed and alertness* 
Pupil 7 made a discovery while at this work. She said that the great¬ 
er the exponent of a common fraction, the less value it has, but the larger 
the exponent of an interger, the more value it has. For an example, (2/3)^ 
equals 2/3 x 2/3 x 2/3 equals 8/27 or .29 / (2/3)^ equals 2/3 x 2/3 equals 
4/9 or .44 4/9 . 4^ equals 4 x 4 x 4-64, but 4^ equals 4x4 equals 16. 
Symbols and Rules.—The symbols were easily recognized because all ex¬ 
cept one were taught the pupils in the sixth and seventh-grades. The radi¬ 
cal sign (jO is a part of the eighth grade work. 
The pupils were asked to underscore the correct answer to s^^means 
(a) add (b) ounce (c) interest (d) square root. None of the pupils had 
been taught the sign. Twelve of them were able to answer this part of 
the test by illiminating. That is, they knew the sign did not mean add, 
ounce, nor interest. There was only one other name left, that being 
square root. 
There were pupils who wanted to know that that "V" sign meant 
Ï ' • ' 





For the answer, we consulted a supplimentary text book. "The symbol (7~), 
is called a radical sign and indicated that the square root is to be found. 
It resembles somewhat the letter r with a bar extending above and to the 
right. It is thought to have come from the letter r, the initial letter 
of the Latin word radix, which means root". 
Vocabulary.—There were six pupils who missed the question: "What are 
the factors of 10?" The pupils did not know the meaning of the word "factor". 
' « 
They interpreted it' as meaning the sum of what two numbers equal 10? The 
answers were: 5 / 5» 8 p and 4/6. They remembered that in the defini¬ 
tion for factors, numbers were put together, but the definition was vague 
to them. The following definition was given them to consider: 
"Numbers that are multiplied together are called factors".^ As numbers 
were written on the blackboard, the pupils were asked to give the factors. 
I * l * 
All of the pupils understood what was meant. This oral lesson was done 
with ease. 
There were three errors on this question: "What is the greatest com¬ 
mon divisor of 6, 12, 18?" Pupils 11, 19 and 22 wrote 3 for the greatest 
common divisor. When asked why they considered three the greatest common 
divisor, they replied that they didn't see the word "greatest". After 
reading the question to them, they could readily correct this error. It 
was the investigator's belief that if the pupils had read the question care¬ 
fully they would have given the right answer. The pupils were told of the 
value of being thorough, naming these cases as examples of not being thor- 
1 i 
ough, naming.these cases as examples of not being thorough. 
XR. L. Jones et. al.. New School Arithmetic; Book 11. (Nashville. Term., 
p. 376. 
2 
Ibid., p. 18. 
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Rules.—Rules for finding parts of circles, triangles and rectangles 
were included. There were five rules given. These rules were numbered. 
There were five parts of figures given. The pupils had to associate the 
number of the rule with the correct part of the figure. No problems were 
given to work. Many errors were made on this work. It was necessary for 
the investigator to present circular, triangular and rectangular objects 
to the class. We studied the various parts until each pupil knew what 
was meant by diameter, volume, area, circumference, width and length. 
We then studied the rules that will measure these parts. Each pupil was 
asked to point out various parts of the objects and state the rule that 
is used to measure these parts. Some of the pupils were slow learning 
when and what rules to use. These were given extra assignments and 
special aid. 
Numbers and Equations.—Negative numbers. There were forty-six 
errors made with negative numbers. Problems similar to the following 




From the number of errors made, it was plain that the pupils knew 
very little about negative numbers. Most of the pupils disregarded the 






Others added the three numbers and subtracted 22 from the total: 







The following introduction, to positive and negative numbers was studied: 
"Positive and negative numbers are needed to represent opposites. The 
ordinary arithmetic numbers, which are all greater than zero, are taken as 
the positive numbers. To correspond to a number like / 3 there is made 
a negative number -3 which is just as much less than zero as / 3 is greater 
than zero. 
Pupil 1 asked the question: "Why is there no sign before 46 and 31"? 
The sign must always be written before a negative numberj if no sign appears 
before a number, the number is positive. 
Pupil 12 wanted to know why the author put "addition" above the columns 
if he didnft expect them to add. X gave the class the much used reference: 
"To add two signed numbers having unlike signs, find the difference 
between their absolute values and prefix to it the sign of the number which 
2 
has the greatest absolute value". 
Another negative example included was -36. The pupils wrote as their 
6 
answer "6", when the answer is "-6". 
Pupil 4 askedî "Does a -6 have more value than a / 1?" In other words, 
he wanted to know if a minus number has more value than a smaller plus 
number. In answer to this the investigator read the following statement: 
2 
"Every negative number is less than any positive number". 
When the class seemed to understand the meaning of positive and nega¬ 
tive numbers, individual boardwork was given and criticisms asked for. The 
majority of the class made perfect scores. 
“Ï 






Solving Equations.—-The simple equations didn’t seem difficult to the 
class. They were to find "x". There were ten errors, four of which were 
made on the factional equation, x/4 equals 6. The other errors were made 
on the equation, x / 8 equals 15. The pupils who made these errors were 
asked to substitute the word "what" for x and read the problem. Pupil 17 
read, "what over 4 is 6". Pupil 22 answered: "Twenty-four over 4 is 6". 
These errors on the equations were made because of carelessness. 
Problems.—A "problem" is defined as a statement in which we express 
one or more mathematical relationship.^ 
Training children to solve arithmetic problems is one of the hardest 
and most discouraging tasks of the teacher. The pupils seem to have a 
2 
way of doing the wrong thing. They simply juggle the numbers. 
Such problems involving two- steps, sharing and averaging, square and 
cubic measure, commission and discount, percentage and ratio were included 
in the test. The problems that were most complicated were those of sharing 
and averaging, percentage and ratio. 
Sharing and Averaging.—May weighs 95 pounds, Sallie weighs 85 pounds 
and Jane weighs 120 pounds. What is their average weight in pounds? 
There were ten errors made. These pupils worked the problem incor¬ 






Foster E. Grossnickle, "Cues in Division Problems Given in Nine Re¬ 
presentative Textbooks in Arithmetic, Elementary School Journal. (September 
1932), p. 452. 
2 
Carlerton W. Washburn et. al., "Solving Arithmetic Problems", Elementary 
School Journal. (November 1926), p. 219. 
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These pupils interpreted the word "average" as meaning total. They 
•were given this statement to analyze: "The average of a series of quanti¬ 
ties is their sum divided ty the number of the quantities".'** 
After the pupils interpreted the definition those who missed the prob¬ 




300 divided by 3 equals 100 
The pupils were required to make and work problems in averaging and 
bring to class. Some of the problems presented to the class were; finding 
the average number of pupils in the junior high classes; finding the average 
amount of money spent in the cafeteria per day during one week; finding the 
average number of NIA pupils in the junior high schools of the city; find¬ 
ing one’s average spelling grade for a week and finding the average daily 
attendance for the class for a week. This work was done with much interest 
and improvement. 
Percentage.—There was no clear conception on the part of some pupils 
with regard to the principles of percentage, bub a confusion of whole num¬ 
bers, decimals and common fractions with percentage. 
Problem.—-Martha earned $20.00 and saved $8.00 of it. What per cent 
did she save? 
Pupil 11 said she saved 80$. When asked how he got 80$ for the 
answer, he replied: "I didn’t work it, I tried to guess the percentage". 
This is typical of the type of errors found on percentage problems. Per¬ 
centage is largely a guessing exercise instead of an exercise in clear 
Ï ' 
A. L. Jones et. al., New School Arithmetic, Book II (Nashville 1924) 
p. 187. 
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thinking. This pupil didn’t use his reasoning facilities when he failed 
to recognize that 80$ is too much. There is no better rough check upon a 
computation than a common sense estimate of what the result ought to be 
before the computation begins.^- 
Pupils 11 and the writer opened a conversation about this problem. 
Question: "How much did Martha earn?" 
Answer: "She earned $20.00". 
Question: "How much did she save?" 
Answer: "She saved $8.00". 
Question: "Did she save half of what she earned?" 
Answer: "No. Half of what she earned is $10.00, she saved only 
$8.00. 
Question: "What per cent is 1/2?" 
Answer: "1/2 is 50$". 
Question: "If $10.00 represents 50$ in this problem, is it reasonable 
to say that $8.00 represents 80$?” 
Answer: "If $10.00 is 50$, $8.00 is less than 50$ because $8.00 is 
less than $10.00". 
Pupil 11 plainly understood now, that his answer was incorrect ‘but he 
didn’t know how to correct it. 
Another error made in working the same problem was made by pupil 22. 
$20.00 earned 
8.00 saved 
$12.00 per cent 
This error revealed that pupil 22 knew nothing about percentage. 
Question: "What, does percentage mean?" 
Pupil 22: "Percentage means hundredths." 
Thomas Henry Briggs et. al., The Classroom Teacher, Vol X, (New York 
1928), p. 1489. 
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Pupil 22 had heard this definition for percentage so often that it 
had been memorized, however, she didn't know the meaning of the definition. 
When asked what "hundredths" meant, she said: "It means two places behind 
the decimal point." She pointed to the two places at the right of the 
point (.00). When she read the two places she readily saw that she was not 
reading "12". 
This work led the investigator to know that pupil 22 had no idea what 
decimals really meant. She wa3 given the following statements to study: 
Fractions whose denominators are indicated by the position of a decimal 
point are called decimal fractions or decimals. 
À decimal fraction is a fraction whose numerator only is written and 
whose denominator is ten or some power of ten, such as 100, 1000, 10,000, 
et cetera. It is indicated by the position of a decimal point • 
The numerator of a decimal fraction is read as a whole number. The 
denominator is read by calling a one place decimal tenths, as .5, five.tehths; 
a two place decimal hundredths, as .05, five hundredthsj a three place deci¬ 
mal thousandths, as .005, five thousandths; and so on."*" 
The class was given fractions to be changed to decimals, such as; 3/10 
equals .3; 75/100 equals .75; and 125/1000 equals .125. The result of this 
work was gratifying. The pupils had learned the relationship of fractions 
and decimals. Both represent a part of a whole. They had also learned 
how to change fractions to decimals and decimals to fractions. 
The main object was to have the pupils understand that "per cent" means 
"hundredths", and that "hundredths" are written two places to the right of 
_ 
A. L. Jones et. al., New School Arithmetic. Book 11, (Nashville 1924), 
p. 97. 
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the decimal point. If pupils understand this, they will readily learn to 
unite the per cent with a decimal point instead of with the symbol $. For 
example, 6$ means .06, 1$ means .01 et cetera. They will also know that 
any per cent less than 100$, is a certain part of the whole. 
The next task was to teach pupils 5, 11, 15, 17, 19, 20 and 22 how 
to find base, rate and percentage. The class was told that in every problem 
involving per cent, three numbers are involved; namely, a number of which 
a certain per cent is taken, the number of per cent, and the result when 
this number of per cent is taken. These numbers are called the base, the 
rate and the percentage. In the example, 6$ of 250 is 15, 250 is the base, 
6$ (.06) is the rate per cent, and 15 is the percentage. 
The class was given the following rules to learn: 
1. Base times rate equals percentage. 
2. Percentage divided by base equals rate. 
5. Percentage divided by rate equals base. 
The following problems were worked and explained by the pupils: 
1. A family spending $3200 a year for living expenses spends about 
18$ of this amount for rent. How much rent does this family pay a year? 
Pupil 22: "The base is $3200, the rate is 18$. I am looking for 






The family spend $576 per year for rent. 
2. What per cent of 20 pupils is 5 boys? 
Pupil 11: "The base is 20, the percentage is 5, I am looking for the 
rate. Base divided by percentage equals rate; therefore, five divided by 
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20 equals 1/4 or 25$. Five boys are 25% of 20 pupils. 
3. Fifteen per cent of our classmates are absent today. Six are ab¬ 
sent . How many are enrolled? 
Pupil 16î "Fifteen per cent is the rate. Six is the percentage. I 
am looking for the base. Percentage divided by the rate equals the base. 
Six divided by .15 equals 40. There, are 40 pupils enrolled." 
The pupils were given many problems in which arithmetical computations 
were so simple that the entire attention was focused on the principles of 
percentage. Credit was given only when the investigator was certain that 
the pupil had a clear mental picture of the principles of percentage in¬ 
volved. 
Each pupil was asked to make three problems. In each problem the 
base, rate or percentage was to be missing. The problems were exchanged 
and solved in class. 
Commission and Discount.—John sold brushes at $1.50 and received a 
commission of 30$ of his sales. How much did he make on each brush? 
Pupils 9, 19 and 20 missed this problem. The writer was eager to 
know if these pupils knew the meaning of commission. 
I 
Pupil 9 said; " Commission is the money that someone gets for sell¬ 
ing something," 
Pupil 19 said: "Commission is payment for work." 
Pupil 20 said; "Commission is what the employer pays the employee." 
It was believed that these pupils knew the meaning of commission. 
At the time of the test, they were weak in percentage. As you have read, 
we have had individual instruction on percentage. These pupils immediately 
corrected their errors on commission. 
Discount.—Pupil 6 was asked to give a definition for discount. The 
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reply was! "Discount means to get a certain amount off when buying." 
The question was asked: "Why are we given discounts?" 
Pupil 19: "Because goods are damaged or soiled." 
Pupil 8: "Because goods are out of season." 
Pupil 10: "In order to get quick sales." 
The following problem was given for interpretation: 
At a special sale, a bicycle sold at 25% off. The former price of 
the bicycle was $24.00. James saved how much by buying the bicycle at 
this sale? 
Pupil 17: "Twenty-five per cent means .25. "Twenty-five per cent 
means that the bicycle can be bought for .25 of $24.00 cheaper then the 
old price. 
$24.00 old price 




Twenty-four dollars minus six dollars equals $18.00. 
Included on the test was the following problem: 
Tom’s father had a furniture store. The list price of a dining room 
suite is $200.00 and two discounts are given, 20% and another of 10%, 
What is peiid for the furniture? 
Pupils 1 and 7 were the only ones to work this problem correctly. The 
other pupils combined the discounts and then found one discounted price. 
Pupil 4 asked the question! "Why would he give two discounts?" 
"In order to meet changing prices of goods, and save the extra cost 
of printing new catalogues, wholesale merchants sometimes give two or three 
discounts".’*' This is called successive discounts. 
- — 
John C. Stone et. al., Unit Mastery Mathematics, Book 1, (Boston 1938), 
p. 157. 
41 
In explaining the above mentioned problem the class was told to sub¬ 
tract twenty per cent of two hundred dollars from two hundred dollars 
(.20 of $200 equals $40. $200 - $40 equals $160). Next, subtract ten 
per cent of one hundred sixty dollars from one hundred sixty dollars 
(.10 of $160 equals $16. $160 - $16 equals $144). ' 
Pupil 13 wanted to know why 20$ and 10$ could not be combined (20$ 
plus 10$ equals 30$), and 30$ of $200 be taken from $200 (.30 of $200 
equals $60. $200 - $60 equals 140). 
It was intended that only 20$ of $200 be taken from $200. The other 
10$ is to be taken from $160. 
Problem in Insurance.—A wooden building, valued at $12,500, was in¬ 
sured for 80$ of its value. The rate of insurance was 24 cents per $100. 
What was the amount of the premium? 
Fourteen pupils missed this problem. The test only gives place for 
the answer and not the working of the problem. It was impossible to tell 
whether the eight who had the correct answer, worked by the correct method 
or "stumbled on the answer. The latter is easily done in this problem. 
Correct Method 
(1) $12,500 value 
.80 
10000.00 Insurance on Building 
(2) 10000 Divided by 100 equals 
100 One hundred dollars 
(3) 100 One hundred dollars 














Shown in the incorrect method above, the answer is the same as in the 
correct method. One important step has been omitted. 
In order to find out which pupils were using the correct method, a 
similar problem, in which the answer could not be ” stumbled” on, was written 
on the board. Each pupil worked the problem individually at his seat. The 
problem was* A building valued at $15,000 was insured for 75% of its value. 
The rate of insurance is 30 cents per $100, find the premium. 
Pupil 2, 10 and 19 who had correct answers for the test problem, did 
not work this one. 
Correct Work 




XL250.00 insurance value 
(2) 11250 divided by 100 equals 
112g one hundred dollars 
(3) 




Incorrect Method (pupils 2, 10 and 19) 
(1) 15000 100 
.75 .50 




Pupil 10 was asked to interpret the sentences "The rate of insurance 
is 30 cents per $100. The reply was: "That means 30 cents was paid on 
$100. 
Pupil 1 said: "That means 30 cents was paid on each $100 that was in¬ 
sured. Instantly, many in the class were able to tell where they made mis¬ 
takes in working the problem. 
Pupil 7 said: "I didn’t find how many $100 were in the insurance 
value. 
When asked how to find this step, pupil 15 answered: "Divide 100 
into the amount of insurance." 
Pupil 2 said: "Complete the problem by multiplying 30 cents by the 
number of 100 dollars. The problem was worked and explained to the class. 
Square and Cubic Measure.—A problem of square measure included was: 
How many square feet are in a school room blackboard which is 4 ft. wide 
and 12 ft. long? 
Pupil 22 had as her answer 12 feet plus 4 feet equals 16 square feet. 
She was asked to explain her work. 
Explanation: "The blackboard is 12 ft. long and 4 ft. wide, alto¬ 
gether it has 16 ft. (This pupil was absent when we studied rules.) 
The pupil was asked to state what she was trying to find. She answered: 
"I am looking for all of the square feet in the blackboard. 
The pupil was told that the measure or extent of a surface is called 
area. 
This pupil passed to the blackboard to demonstrate what the definition 
means.. Upon request, she pointed to the length and width of the board with 
a yard stick. She was asked if the sum of that width and the length would 
include all of the surface. She answered, "no". 
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The following rule was given the pupils "The number of square units 
in the area of a rectangle is the product of the number of linear units in 
the two dimensions" 
There were ten errors made in finding the area of a triangle, and eight 
in finding the cubic inches in the volume of a box. These pupils were able 
to correct their errors since they had learned the rules for finding such 
earlier in the experiment. 
Pupil 15 wanted to know if volume of a box and area of a box have the 
same meaning. We used our crayon box for demonstration. It was demonstrat¬ 
ed that the total area of the box means the measurement of the surface which 
includes the area of each face plus the area of the two bases. The class 
could see that the faces and bases of the box were rectangles. They knew 
that length times width equals area of any rectangle. We measured the box 
and found that the front and back faces, upper and lower bases were rec¬ 
tangles 6 inches by 4 inches. The end faces were rectangles or squares 4 
inches by 4 inches. 







6" times 4® equals 24 sq. in. 
6" times 4" equals 24 sq. in. 
6" times 4® equals 24 sq. in. 
6" times 4» equals 24 sq. in. 
4" times 4" equals 16 sq. in. 
4" times 4" equals JL6 sq. in. 
Total area 128 sq. in. 
- The pupils were given a formula by which to solve for total area of a 
rectanglar figure. The formula is: T equals hp / 2 lw. ("p" means peremiter 
1 
John C. Stone et. al., Unit Mastery Mathematics. Book 1, (Boston 1958), 
p. 226. 
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or distance around). 
Pupil 7 substituted dimensions for formula: T equals 4x20/2x6x4. 
T equals 80 / 48 or 128 sq. in. 
With the same box we demonstrated volume. The volume of a box means 
the number of cubic units in it. The number of cubic units in the box is 
equal to the product of the number of linear units in its length, width, 
and height. When we speak of volume we mean what the box will contain. 
Pupil 9 found the volume by formula: 
V equals lwh. V equals 6" x 4" x 4" equals 96 cu. in. 
Several practical problems were given the class to solve. Such prob¬ 
lems were included as: finding the area of blackboards; the picture frames 
in our room; the volume of the lockers; crayon boxes and the triangular prism 
that were used. Some pupils were not exact in their measurements but the 
correct processes were used. 
Scales.—-There were eight pupils making errors on the problem of scale 
drawing. The problem was1 When the scale of a map is nl/2 inch equals 40 
miles", how many miles apart are two cities that are represented on a map 
as 1 1/2 inches apart? 
Pupil 17 had as her answer, "30 miles". She explained that she took 
1/2 of 40 which is 20, then she multiplied 20 times 1 1/2 and her product 
was 30. 
Seven other pupils had as their answer, "60 miles". They multiplied 
à 
40 times 1 1/2. These pupils read the problem with no thought of what was 
involved. 
The class was shown a map of Tennessee. Pupil 17 was asked to locate 
Chattanooga. After doing so she was asked to locate Nashville. She was 
then asked if the actual distance on the map is one hundred forty-two miles 
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(distance from Chattanooga to Nashville). Her answer was "no, that it seemed 
to be a few inches." The information at the bottom of the map was, "1 inch 
equals 50 miles." 
Ho one would think of drawing the map of Tennessee in its actual mile¬ 
age, instead, a scale on which one inch represents 50 miles was used. 
Pupil 9 was asked to solve the test problem. She did so without using 
her pencil. If 1/2 inch equals 40 miles, one inch will equal 80 miles. 1 1/2 
inch will equal 1 1/2 times 80 equals 120 miles. 
The class did the following drawing at their seats: "Our classroom is 
24 ft. by 50 ft." Make a drawing of the floor on a scale of 6 ft. to 1 inch. 
The drawings were all correct—4 inches by 5 inches. 
A problem was given to work; 2/3 inch on a map represents 60 miles, 
how many miles apart are two cities that are represented on the map as 5 
inches apart? 
Only two pupils missed this problem. They understood the process but 
made an error in multiplication. 
Correct Work 
If 2/5 inch equals 60 miles, 1/3 inch equals 50 miles and 5/3 or one 
inch equals 90 miles. 3 inches equals 270 miles (5 x 90 equals 270). 
Pupils 18 and 21 worked as follows* If 2/3 inch equal 60 miles, 1/3 
inch equal 30 miles and 3/3 or 1 inch equal 90 miles. 3 inches equal 180 
miles. (3 x 90 equals 180). 
In closing our study on problem solving, the class was given several 
problems that did not include numbers. The following are examples of such: 
1. Tom knows how much he earns each week by carrying papers and how 
long the work takes each day. How can he figure the amount he earns in an 
hour? 
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2. Ann knows how long it took her train to come from New ïork to 
Philadelphia and how far it is between the two cities. How can she find 
the average speed per hour that the train made? 
3. John knows how much money he earned last week. He knows how much 
he saved. How will he determine what per cent he saved? 
The fact that no computation was involved, the pupils could use more 
practice in arithmetical reasoning. This is important when computational 
processes tend to monopolize the attention of pupils, and training in ability 
to think needs emphasis. The pupils were strengthened in arithmetical reason¬ 
ing as is shown by the intermediate and final tests. 
One of the first essential habits for a pupil to acquire in arithmetic 
is that of accuracy. Speed is desirable, but it is not essential; accuracy 
however is imperative. An answer in computation is right or it is wrong; 
there is no half-way rightness. A pupil may understand only part of an 
applied problem and may be entitled to part credit; but in any single com¬ 
putation there is no such thing as 50 per cent accuracy. 
We may change our method of teaching as often as we wish, but 2 plus 
2 makes 4 now just as it always has. We cannot create a new fact in arith¬ 
metic any more than in art we are able to create Egyptian architectures. 
These things are fixed. The only opportunity we have here for self-expres¬ 
sion are creative expression is in the way we use these facts after a k 
knowledge of them has.been acquired.^- 
Addition.—There were seven errors made in adding whole numbers. The 
following simple example was missed by pupils 19 and 22: 27 
1 
Thomas Henry Briggs et. al,, The Classroom Teacher, Vol. IV, (New 
ïork 1928), p. 330. 
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In defending himself for making the error, pupil 19 said* "I forgot to 
carry nlB to the second column". If the "1" had been carried, his answer 
would have been 52. .In both cases the pupils knew the combination but they 
were not accurate in their work. Neither did they check their work in order 
to verify the answer. 
For checking, the class was told to add the columns of figures from the 
bottom upward and afterward add the columns from the top downward. 
Other errors in addition were due to not knowing the addition combinations. 
It was found that some pupils were actually counting their fingers to com¬ 
plete a combination. During an oral drill pupil 15 was asked why she was so 
long giving the sum of 9 and 8. Her answer was* "I was counting". When 
asked what method she was using, she replied: "I silently counted my fingers 
until eight of them were used up", When I questioned the class, other members 
were honest enough to admit that they were using the same method. We decid¬ 
ed to do away with this handicap of uncertain, slow and inaccurate method. 
The class was given the addition combinations to study. The following 
day, the result of the drill work proved that the majority of the class was 
able to do better work on the combinations. The interest was increased when 
a game was presented to the class. The following figure was drawn on the 
board: 
2 6 5 
9 : : 
: 10 : 8 
5 j J. 
7 .4 
The following statement was written above the figure: "Give quickly 
the number that must be added to each outside number to make the number in 
the square". 
Various two digit numbers were substituted for the number "10" in the 
center of the square. Each row was assigned a square with which to work. 
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While the investigator pointed to the numbers the pupils in the row gave 
numbers which when added to the one that was pointed to, made the number 
in the center. For example! The investigator pointed to 6 and.pupil 3 
readily said "4n, meaning that 6 plus 4 equals 10. 
Pupil 1 suggested that it would be fun to time the rows and see which 
row could complete the most squares without error. Most of the pupils were 
very accurate in making the simple combinations and it was thought that 
speed in this case would not be harmful but rather would add interest. Sett¬ 
ing the time at 1 1/2 minutes, each pupil in the row gave an answer in turn 
until the time was upw The pupils in the row completing the most squares 
were considered the best adders. The interest now aroused was enough to 
put these eighth grade pupils on fourth grade work. They were eager to 
strive to be the best adders in the class. We started with two column num¬ 
bers and increased them to five columns. Such problems were included as! 
1. Find the number of pupils in our junior high department. 
2. Find the number of pupils in our elementary department. 
3. Find the total number of boys in the 9th grade classes. 
Adding Decimals.—There were four decimal problems to be added. Since 
our work of reading numbers the class was able to read and write decimal 
numbers correctly. 
The one that was arranged in correct order for adding was missed by 
pupils 11 and 18 only. These errors were made because the pupils were weak 
in addition combinations. Because of our study and drills on addition com¬ 
binations, the pupils were able to make the corrections 'easily. 
Several errors were made on the four examples that had to be arranged 
before adding. One such example wass 
33.4./ 6.21 / .0382 / 8. 
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The above example represents the type of error in arrangement found in 
adding decimal numbers. 
Pupil 19 had all of his example placed correctly except the whole num¬ 
ber w8". When he put the point to the right of "8", the points were not 
under each other. 
The class was given information concerning adding decimal numbers. 
When we add or subtract decimals we keep the points in a straight column. 
A whole number is always supposed to have a decimal point to the right of 
it, although we do not usually write this point. 
Pupil 22 found that she could arrange her numbers more accurately when 
she put the point down first. Then she wrote to the left and right of the 
point the correct numbers. 
The majority of the class was given other work to study while those 
who made; errors in adding decimals were given more examples to arrange and 
add. Long numbers were not included since the purpose was to have the pu¬ 
pils learn concretely how decimal numbers should be arranged for adding. 
To economize the pupils' time and energy such simple examples as the follow¬ 
ing were given: 
(1) 2.56 / .85 / 7 
(2) 95 / .3 / .65 
(3) 8.03 / 42 / .651 
(4) .024 / 18 / 1.8 
(5) .1 / 1 / .01 
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■Adding Fractions.—-The fraction of like denominations was added cor¬ 
rectly by all pupils except pupil 20. The example was: 1/4 plus 1/4. 
Pupil 20 added numerators and also denominators. The result was 1/4 plus 
1/4 equals 2/8. This pupil needed an introduction of fractions by using 
simple ratios as 1/2, 1/3, 1/4, and 1/5. 
Ordinary pebbles were used to illustrate thé meaning of thirds, fourths 
et cetera. All of the pupils understood that 2/2, 3/3, 4/4, 5/5 et cetera 
represent whole numbers. 
Four pebbles were placed on pupil 20's desk. She was asked to divide 
them into four equal parts. She divided them by putting each pebble to 
itself. When asked to explain what she had done, she said: «Each pebble 
represents 1/4 of all”. She was instructed to take 1/4 away. She removed 
one pebble. She was instructed to remove another 1/4. She readily saw 
that two of the l/4*s were removed. In other words, l/4 plus 1/4 equals 2/4 
or 1/2. The pupils were told that in adding like fractions, that is, frac¬ 
tions whose denominators are the same, add the numerators and use the same 
denominator. This was demonstrated by added common fractions of the same 
denominator. 
Twenty pebbles were placed on the desk. Pupil 20 was instructed to 
divide them into five equal parts. This she did by putting four pebbles 
in each of five groups. She explained that she had divided twenty into 
five parts. Each part is called 1/5. Her attention was called to the fact 
that no matter which of the similar groups she takes, the number of pebbles 
in it will be the same. 
In like manner we divided nine pebbles into thirds. The concept of 
thirds, fourths and fifths was developed. Pupil 20 acted as instructor 
and explained to the group the fractional parts. It occurred to the pupils 
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pupils that when dividing any number into thirds, fourths, or fifths, di¬ 
vide them into the number of parts indicated by the number below the line 
(denominator) of the corresponding fraction. 
Adding Unlike Fractions.—There were fifteen errors made on five examples 
of unlike fractions to be added. One example was 1/4 plus 1/8. Pupils 20 
and 22 added the numerators together and the denominators together. They 
had 2/12 for the answer. Pupils 16 and 18 added the denominators together. 
Their result was 1/L2. Pupils 7 and 15 found a common denominator but 
didn't know how to find the equivalent. Pupil 15 had as his result, 1/4 
plus 1/8 equals 5/8 plus 2/8 equals 5/8. Pupil 15 was asked to explain 
his work. Explanation* "The common denominator that will contain eight 
and four is eight. Eight contains four, two times. Two plus the numerator 
one equals three. Eight is contained in eight, one time. One plus one 
equals two. Thus* 5/8 plus 2/8 equals 5/8". 
Our next step was to get an understanding of how to add fractions 
that are unlike. We cannot add raisins, cows, and shoes to get a sensible 
sum; and neither can we add fourths, halves, thirds or the like. Before 
fractions can be added they must have parts of like integral units and 
must also have fractional units of the same size. Though we cannot add 
1/4, 1/2 and 1/5 as they are, we can change these fractions to twelfths. 
Note the following work* 
1/4 equals 5/12 
1/2 equals 6/12 
1/5 equals 4/12 
15/12 equals L. 1/12 
To change unlike fractions to like fractions, select the denominator 
that will contain all of the denominators without a remainder. Divide 
the denominator of the fraction into the common denominator and multiply 
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the quotient hy the numerator. Always reduce the fraction in the answer 
to its simplest form. 
The work was continued by filling in the missing parts of fractions 
similar to the following: 5/4 equals /12} 1/5 equals /Ï5; 7/8 equals /24. 
They were given considerable practice with this type of fraction to make 
sure that they had grown entirely familiar with the style. 
Pupil 15 added and explained the following example: 
5 2/5 equals 5 10/15 
5 1/5 equals 6 5/15 
11 13/15 
His explanation was: "The common denominator is 15. Fifteen contains 
5, 5 times. Three times 1 equals 5. Fifteen will contain 5, 5 times. 
Five times 2 equals 10. 10/15 plus 5/15 equals 15/15. Six plus 5 equals 
11. The answer is 11 15/15. 





Pupils 8, 11, 15, 20, al and 22 added 18 5/8 plus 12.15 as: 
18 5/8 
12.15 
12.53 5/8 " 
Pupil 14 explained that in whole numbers the point is at the right 
and that decimal points must be under each other when adding. Also that 
fractions are placed at the right of whole numbers when adding. 
This pupil is confused about the value of 6.00 1/2 and 6 1/2. ".00 1/2" 
was written on the board. Pupil 14 was asked to explain what it meant. She 
said that two places to'the right of a decimal point means hundredths and 
» 
that it is 1/2 hundredths. nl/2" was written on the board. The pupil was 
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asked to give the meaning of the fraction. She said: "1/2" means half of 
an amount, .50 of an amount or 50$ of an amount". She could understand 
that when she changed 6 1/2 to 6.00 1/2 the value was changed. The pupils 
were reminded that they cannot add decimals to fractions. The decimal must 
be changed to a fraction or the fraction to a decimal. 
Pupil 15 said he would rather work with decimals than with fractions, 
so he changed 1/2 to .50 and added 6.50 plus 6.5 equals 13. 
•Pupil 8 said she would rather work with fractions than with decimals, 
so she changed .5 to 1/2 and added 6 1/2 plus 6 l/2 equals 13. 
Pupil 22 wanted to know how to change >5/8 to a decimal. Pupil 1 asked 
to give her the necessary information. His statement was* "To change a 
common fraction to a decimal, always divide the denominator into the numera¬ 
tor by annexing a decimal point and zeros". .62-1 Pupil 22 changed 
8:5.00 
several common fractions to decimals on the board for the class to check. 
Adding Denominate Numbers.—The outstanding difficulty that children 
usually have with denominate numbers is their confusion of relative measures 
and values. Those who have à foot ruler, yardstick, household scales, 
kitchen measures of pint, quart, gallon and the like usually do not have so 
much trouble. Although they also may meet with confusion if they have been 
working abstractly without having had sufficient first-hand experience. 
The knowledge of units of measure comes through experience. The fact 
that meat is sold by the pound is almost as well known as the fact that 
gasoline is sold by the gallon. On the other hand, few know how nails are 
sold. 
- 
Garry Cleveland Myers, "Teaching Denominate Numbers". The Grade 
Teacher. (January 1934), p. 34. 
55 
The following problem was to be added! 5 yds. 2 ft. 8 in. 2 yd. 1 ft. 
6 in. Ten pupils missed this problem. They did not know how to change the 
value from lower to higher denominations. 
The relative values of the inch, the foot and the yard was taught by 
letting the pupils measure different objects. They were asked to guess 
dimensions and distances before measuring them. After they had guessed 
and measured in terms of feet, they were asked to guess and measure in terms 
of yards. They also guessed and measured in terms of inches. The meaning 
of a given number Of inches in terms of feet could be understood. 
The class was given simple examples to work such as? 6 inches equals 
 yds? 5 feet equals inches? 2 ft. equals yds? 2 yds equals 
_____ ft? 3 \ ft. equals ft. and _____ inches? and so on. After they had 
ample exercises of this sort, checked by actual measurements, the process 
carried real meaning. 
For instructional purpose the investigator selected problems of ft, and 
inches only. The following was given! "A boy wants to build a pen for 
his chickens 5 ft. 2 in. wide and 10 ft. 6 in. long. How many feet of wire 
must he buy for the four sides”? The problem was put down in this form! 
5 ft. 2 in. 
5 ft. 2 in. 
10 ft. 6 in. 
10 ft. 6 in. 
Most of the answers were 31 ft. 6 in. The greatest difficulty was 
trying to keep the pupils from "carrying” from the inches to the feet as 
if they were doing ordinary column addition. Some had the tendency, when 
the sum of the first column was 16 inches to write the 6 and carry the 1 
into the feet column. This error occurred less frequently when the words 
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"feet" and"inches" were written over the columns. It was explained that 
16 inches does not mean 1 foot 6 inches, hut 1 foot 4 inches. Pupil 3 
proved this by actual measurement. The pupils were told to always change 
* 
the units to higher denominations when possible. 
Some answers were 50 feet 16 inches. Pupil 15 was asked to draw a 
line adding the actual inches to see how he got 16 inches. He drew a line 
of 2 inches, then added 2 inches more, 6 inches and 6 inches more. By using 
the foot ruler, he could see that he had drawn 1 foot and had 4 inches left 
over. He explained that when he had 30 feet and 16 inches, he actually had 
30 feet and 1 foot 4 inches left. His answer was 31 feet 4 inches. 
The pupils brought pint bottles, quart bottles and gallon jars to class 
to use for actual measurements. The class room clock and various watches 
were used for measures of time. The problems were confined to samll numbers, 
the purpose being to give the pupils practice in the interpretation of re¬ 
lative measures, not in manipulation of difficult numbers. 
Subtraction.—Most of the errors made in subtracting whole numbers 
were as in addition, due to not knowing combinations. Pupil 11, 12 and 18 
said they forgot that they borrowed. Again, carelessness had caused errors. 
The same game drill that was used for studying addition was used for 
studying subtraction. New numbers were substituted. Instead of adding to 
make the number in the center of the square, numbers were subtracted from 
it to get a difference. 
The examples used for individual instruction included ones where 
borrowing took place. This was splendid drill exercise which strengthened 
that weakness. 
As in addition, so in subtraction, the pupils were urged to always 
check the difference. This was done best by adding the difference to the 
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number subtracted. It was quickly- done and it rarely failed to discover an 
error. 
The pupils had learned that in addition and subtraction of decimal num¬ 
bers the points should be under each other. The six errors that were made 
while subtracting money and decimal numbers were correctly. 
Subtracting Mixed Numbers From Decimal Numbers.—The same pupils who 
could not add mixed numbers and decimals could not subtract them. The errors 
made were easily corrected because the pupils had learned to either change 
the decimal to a fraction or the fraction to a decimal. 
Subtracting a Mixed Number From a Whole Humber.—Pupils 8, 16, 17, 20 




Pupil 22 said of his error: "I didn’t have anything to subtract \ 
from so I brought it down”. She was told that when the subtrahend contains 
a fraction and the minuend does not, one must borrow one (whole no.) from 
the minuend, change it to fractional parts and subtract. Her corrected work 
was* 8 - equals 7 4/4 - 4^ equals 3 3/4. 
Subtraction of Fractions.—In subtraction the greatest difficulty was 
found to be with "borrowing”. It accounted for most of the errors. Diffi¬ 
culties with borrowing were* (l) Prefixed the number borrowed to the numera¬ 
tor as* 
33 1/8 equals 32 ll/8 
11 3/8 equals 11 5/8 
21 " 8/8 or 22 
Pupil 20 said: "I couldn’t take 3/8 from 1/8 so I borrowed one from 
thirty-three and annexed it to 1/8, making 11/8. 3/8 from 11/8 leaves 8/8. 
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This illustration indicates that borrowing was very much misunderstood. 
The task was to have the pupils understand that they are borrowing one from 
the whole number instead of ten and that the one is divided into fractional 
parts. 
(2) Disregarding having borrowed as: 
53 1/8 equals 33 9/8 
11 5/8 equals 11 5/8 
22 6/8 
(3) Borrowed but disregarded the fraction in the minuend as: 
33 1/8 equals 32 8/8 
11 3/8 equals 11 3/8 
(4) Added the number borrowed to the numerator as: 
33 1/8 equals 32 2/8 equals 31 5/8 
11 5/8 equals 11 3/8 equals 11 5/8 
20 
(5) Borrowing when it was not necessary as 
7 3/7 equals 6 10/7 
6 2/7' equals 6 2/7 
8/7 
Error (1) was placed on the board. The pupils were asked to look at 
the problem carefully and listen to the following information: "We cannot 
take 3/8 from 1/8 so we borrow one or 8/8 from thrity-three and add this 
(8/8) to 1/8 making 32 9/8. Then we subtract 11 3/8 from 32 9/8 leaving 
21 6/8 or 21 3/4. ‘ 
Pupils 5, 18, 16, 10, 17, 20, 21 and 22 were assigned simple examples 
to work and explain to the class. Their explanation indicated that they 
had a better knowledge of subtracting fractions. 
Other serious errors occuring were: Pupil 19 did not express the 
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denominator. 2/5 - 1/5 equals 1. This information was given him: "When 
fractions are similar, subtract the numerator of the minuend and place the 
result over the denominator. Reduce to simplest form". 
Pupil 13 subtracted the smaller numerator from the larger numerator 
and the smaller denominator from the larger denominator as: 5/4 - 1/8 equals 
2/4. She was told that before fractions can be subtracted, the integral 
units must be like and the fractional units the same size. This was demon¬ 
strated on the board with information. 3/4 - 1/8 equals 6/8 - 1/8 equals 
5/8. The fractions must be changed so as to have a common denominator. An 
easy way to do this is to select the smallest number that will contain the 
denominators evenly. Divide the denominators into the common denominator 
and multiply the quotient by the numerator. The pupils were assigned con¬ 
siderable practice on this type of work to make sure they were familiar 
with such. 
The entire class was given examples to work which covered every type 
of error mentioned above. Without suggestion of rebuke or ridicule or 
shame, the investigator helped each pupil to overcome his difficulty be¬ 
fore going on. 
Subtracting Denominate Numbers.—-There were many errors on the follow¬ 
ing problem* da. hr. min. All of the errors were due to the misinter- 
5 8 3 
4 10 40 
pretation of borrowing. Pupil 9 borrowed an "abstract" 1 and annexed it 
to 3 in subtracting 40 from 3. She could not take 40 from 13 so she 
borrowed another "abstract" 1 and annexed it. Then she subtracted 40 from 
113. 
It was explained to the class that 40 minutes cannot be taken from 3 
minutes. We must borrow, not 1 from 8, but 1 hour from 8 hours. Notice 
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that you are borrowing the 1 hour to pub with 5 minutes. We have learned 
that hours cannot be added to minutes. One hour must be changed to sixty 
minutes and added to three. Sixty and three are sixty-three. Forty from 
sixty-three leaves twenty-three minutes. We have seven hours left instead 
of eight. Ten cannot be taken from seven hours, so one day (24 hours) must 
be borrowed from five days l Twenty-four hours and seven hours are thirty- 
one hours. Ten from thirty-one leaves twenty-one hours. Four from four 
leaves zero. The answer is 21 hours 23 minutes. 
The study was continued with the following problem: The shop teacher 
had a piece of lumber 3 feet 3 inches long. He cut a piece off that was 
2 feet 8 inches long. How much is left? Pupil 1 wrote the problem on 




three inches but we can think of three feet three inches as being two feet 
fifteen inches." Pupil 9 was asked to explain. She said: "I will have 
to borrow one foot from three feet and change it to twelve inches. Then 
add twelve inches to three inches. That will be fifteen inches. Eight 
from fifteen leaves seven inches". 
In like manner the pupils were shown how to compute the exact ages of 
classmates by using their birth dates and the present date. This work was 
facinating. The class was able to appreciate the improvement in substract- 
ing denominate numbers. 
Multiplication of Whole Numbers.—Before correcting errors of multi¬ 
plication the class had drills on the multiplication factors. The tables 
were not recited but factors were selected at random to be multiplied. This 
was done orally and it gave the writer a chance to know what combinations 
were most troublesome. The factors 7, 9, and 12 gave most trouble. Simple 
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practical problems involving these factors were given the pupils who were 
weak to be done orally. Examples of such are: 
1. Fifty-seven men on a certain job, each worked 9 hours, how many 
hours did all work? 
2. Seven pupils in the seventh grade were present 89 days last semester. 
How many days did this represent? 
3. John delivers 92 papers each day in the week. How many does he de¬ 
liver in 7 days? 
The errors made on the test problems were of the following nature: 




They were told that in multiplying, when zero is used either as the 
multiplier or the multiplicand the product is also zero regardless of the 
other factors. When the zero is the last digit in the multiplier, we bring 
it down in the product and proceed to multiply by the other digit. When 
the zero is overlooked we change the value of the product. Pupil 12 cor¬ 











These pupils were told that any number multiplied by zero gives zero 
for a product. It is unnecessary to multiply by the zero factor. However, 
the zero has a definite place and it must not be taken. Its effect is 
taken into consideration by moving the next partial product an extra place 
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to the left, Remember also, that when multiplying by a digit, the partial 






(3) Pupils 2, 5, 7, 10, 11, 14, 20 and 22 forget to carry. This 
type of error is a careless one. These pupils were told the value of being 
accurate and were given seat work to do involving carrying. 
Multiplying a Whole Number by a Mixed Numbers—Pupils 3, 8, 19 and 22 
made the following error! 8 x equals 16j. They multiplied by the whole 
number "2" but not by the fraction . These pupils were informed that 
the "times sign" to the left of means to multiply the multiplicand by 
2 and also by J. Pupil 3 corrected this work. 
Multiplying Fractions.—-There were no errors in multiplying a fraction 
by a fraction as J x 4/5. They had only to multiply the numerators to¬ 
gether and the denominators together. 
Multiplication of Mixed Numbers.—-There were six errors in working 
6f x 5 l/5. The only unusual error was the one made by pupil 22. Her 
answer was 30j. She was asked to work and explain the problem. Her work 
was as follows: 6f x 5 1/3 equals 6x5 equals 30. f x 1/3 equals 5/Ï2 
or J. The answer is 30^. The pupil had not interpreted the problem. She 
was told to point out the multiplier and multiplicand. After doing this, 
the pupil could see that she only pointed to one multiplier and one multi¬ 
plicand. She worked the problem using two multiplier and two multiplicands. 
Upon request the pupil changed both multiplier and multiplicand to im¬ 
proper fractions, canceled and reduced to lowest terms. 
Pupil 17 did not use the cancellation method which made her work harder. 
She accepted the easier method. 
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Multiplication of Decimals»—Pupil 18 had nob developed the trick of 
approximation and consequently was satisfied with 11440 as his answer for 
35.75 x 3 1/5. The answer indicated that the value of decimal numbers are 
nob associated with the number scale. Very little instruction was required 
to cause him to appreciate that 35.75 is less than 36 and that 3 1/5 is less 
than 4, and therefore the product of these numbers would be less than 144. 











These pupils were told that in multiplication never try to keep the 
decimal points one above the other. Multiply as if there were no decimal 
points. Point off as many places counting from the right in the product 
as there are in the multiplier and multiplicand. The following decimal 
problems were multiplied on the board. Pupils 21, 15 and 18 were asked 
to place the point in the product. 
(1) .86 x .2 equals 172 (2) 8.7 x .6 equals 522 (3) 9.6 x .3 equals 
288. 
Multiplying a Decimal Number by a Mixed Humber.—Pupils 3, 8, 19 and 




They were able to correct this error without further instruction 
since they had received information about multiplying a whole number by a 
mixed number 
Multiplying Denominate Numbers.—-The following problem was to be 
worked: 2 yd. 5 ft. 6 in. Most of the pupils had 10 yd. 25 ft. 50 in. 
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as their answers. This answer of course, is right, but since 30 inches 
is more than a foot, we always take the feet out of it and add these to the 
other feet. Twenty-seyen feet are 9 yards. We add 9 yards to 10 yards. 
The answer is 19 yards 0 feet 6 inches. 
The errors were corrected without hesitency because the method of 
changing from one unit to another had been taught in adding and subtract¬ 
ing denominate numbers. In the same way the pupils worked another problem. 
"Suppose we needed 8 pieces of lumber 4 ft. 4 in. long. How many feet and 
inches would we need to buy?" Multiplying the inches first by 8 and then 
the feet by 8, they got 52 ft. 52 in. Thirty-two inches is more than a 
foot, so they changed 32 inches to feet and inches. Pupil 11 drew a line 
32 inches on the blackboard. She found out how many times the foot ruler 
would fit on it. The pupil measured to see that there were 2 ft. 8 in. 
left over, giving the answer in feet and inches thus: 
4 ft. 4 in. 
8 
» 32 ft. 32 in. equals 32 fti / 2 ft. 8 in or 34 
ft. 8 in. For drill, the class was given problems where the number of 
inches in the answer was over 12. 
Dividing Whole Humbers.—The types of errors were: 
Pupil 22: (l) Omitting a digit in the quotient such as: 
40 
22)8932 





Pupil 12: (5) Omitting zero in the quotient such as: 
1 6 
4)424 






Several pupils made errors similar to the ones mentioned above. The 
other pupils having no errors in division were given library work to do 
at the time the others were dividing. 
For the corrective work, the class started first, reviewing basic 
number facts in addition, subtraction, multiplication and division. The 
investigator could ascertain each child's specific difficulty from the 
review. Pupil 17 was slow with hard subtraction. Pupil 20 was in accu¬ 
rate with multiplying by 7 and 9. Although, the class has done this type 
of work for corrective purpose, care was taken not to make the pupils 
feel ashamed or humilated because they had not mastered it. This group 
of pupils was given problems graded from very easy to harder ones. They 
were urged not to hurry but to work with great care, and to avoid mistakes. 
It is not the number of problems a pupil does, but the degree to which he 
does them all accurately that promotes and measures his learning process. 
The aim here was to induce in them earefullness and caution. 
To succeed in long division a pupil must be able to sense on sight 
which of two numbers is the larger. Pupil 21 in dividing, after multiply¬ 
ing by the trial quotient, had more in the subtrahend than in the minuend. 
The number "11" was used to begin dividing because there is practical¬ 
ly no special difficulty in finding the successive figures in the result. 
After 11, 21 was used as the divisor. This example was given* A factory 
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sold 21 motor cycles for $7014. What was the price of each one? The example 
was worked by all. Next, examples were selected in which divisors ended in 
2, 3, 4, et cetera. The purpose was to gradually increase the difficulty 
of determining the successive figures in the result. 
The pupils were given general, information as follows: "When multi¬ 
plying in doing a long division, the result should not be larger than the 
number shown by the figures just above it. Also, the remainder after any 
subtraction should not be larger than the number by which we are dividing. 
To check division always multiply the divisor by the quotient and add the 
remainder. This should give the dividend". 
While working it was found that the pupils would guess (without reason¬ 
ing) for the first digit in the quotient when the divisor of two digits was 
not contained in the first two digits of the dividend. For example: 31) 1287 
Thirty one is not contained in 12. Thirty-one must be divided into 128. Most 
of the pupils would multiply 31 by 2, 3, 4 and so on until they found the 
right number. The investigator gave the following information: "When di¬ 
visor contains two numbers and the partial dividend three, always divide the 
first number of the divisor into the first two numbers of the dividend. 
Example: Twelve divided by 3 is 4. Use 4 as your trial divisor. Sometimes 
after multiplying the quotient number by the divisor the product is too much. 
When so, use the next smaller number". 
Problems involving the same difficulties that were incountered on the 
test were worked and explained by the pupils. 
Dividing Decimals.—The errors were: Pupils 2, 18, 21 and 22. 
(1) .554 
.03).702 
Pupils 6j, 8, 10, 18 
(2) ,03)”9 
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The pupils were given this rules "In dividing decimals, move the decimal 
point to the right in both divisor and dividend as many places as there are 
decimal places in the divisor" 
Other facts presented to the 'class were: (1) A whole number is always 
supposed to have a decimal point to the right of it, although the point is 
not usually written. (See error 2). (2) When the dividend has fewer 
figures to the right of the decimal than the divisor, add enough zeros to • 
move the point properly. Example: (3) Remember that the first thing 
to do is to make sure the example is ready to divide, that the divident has 
at least as many figures to the right of the decimal point as the divisor, 
no matter how many more it may have. Keep in mind that it is the divisor 
we are to examine first. 
The pupils who made errors were given the following problems to solve 
at their seats: 
(a) 16 -f .8 
(b) .72 + .12 
(c) 3.5 -r .07 
(d) 1 + .001 
(e) 3.25-f- 5 
(f) -32 4- .4. 
Easy divisors, one place numbers and short dividents were used in 
order to avoid drudgery. Only the work that the pupils did correctly was 
copied on the board. After these correct procedures were explained, other 
pupils corrected their work. 
Ï ' " ‘ 
R. L. Jones et. al., Hew School Arithmetic. Book 11, (Nashville 1924) 
p, 108. 
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Dividing a Mixed Number By a Whole Number.—Half of the pupils missed 
the following problem: 3)~92j. Most of them had as their answer, 30/. 
Pupils 2 and 7 divided 3 into 92 equals 30 with 2 remainding. 2 2/3 divided 
3 equals 11/12. Their answers were 30 11/12. This is correct but the 
method is long and not customary. 
Pupil 4 was asked to explain his work. He said: "I. changed f to the 
decimal .75. 92.75 divided by 3 is 30.91 2/3". As soon as he mentioned 
changing the fraction to a decimal, several of the pupils said they didn’t 
think of that. Another method of dividing was discussed. Multiplying di¬ 
visor and dividend by the same number does not alter the quotient. Pupil 
30 11/12 
12 demonstrated this fact on the board. 3)92-f 12)371 The divisor 
and dividend were multiplied by 4. 
Some pupils preferred using the decimal while others selected the later 
method. There was enough drill work on dividing mixed numbers by whole 
numbers and visa versa to be sure that the pupils understood the methods 
used. 
Dividing Fractions.—5/8 divided J was included on the test. There 
were two types of errors made by five pupils. (1) Inverting the dividend. 
(2) Not inverting at all. The pupils were instructed to always invert the 
divisor when dividing fractions. The divisor is the fraction which follows 
* 
the sign. After inverting the divisor, multiply the numerators together 
and the denominators together. When possible, use the cancellation method. 
Dividing a Whole Number By a Fraction.—Six pupils missed the follow¬ 
ing example: 6 divided by 4/5. The errors were the same as those in divid¬ 
ing a fraction by a fraction. The class worked and explained several 
examples clearing up the errors. 
Dividing Denominate Numbers.—-There were no examples of dividing 
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denominate numbers on the test. Fran the previous instruction of adding, 
subtracting and multiplying denominate numbers, the pupils were able to 
comprehend division. The following problem was written on the boards If 
we have a board S feet 6 inches long to divide into 2 equal parts, how long 
will each part be? Pupil 15 worked and explained the problem. 2)5,6,, 
21» 
equals 2)42" orlft. 9 in. She said: "Three feet cannot be divided by 
two evenly, so three feet six inches must be changed to forty-two inches 
and divided by two. The answer is twenty-one inches. Since twenty-one 
inches are more than one foot; it may be changed to feet and inches. There 
are twelve inches in one foot; twenty-one inches is nine inches more than 
one foot. The reduced answer is one foot nine inches". More simple, prac¬ 
tical problems were worked by other members of the class. 
This concluded the individual instruction for group A-^. On November 
15, 1940, the intermediate test which was form B of the Progressive Arith¬ 
metic Achievement Test, was given to group and group B^. Both groups 
had improved over the initial test, however, group had not improved 
♦ 
as much as group A^ because the former was the control group. The results 
of the intermediate test are found in Table 4 page 73. , Chart 4 page $*f 
Chart 5 page fo-and Chart 8 page . • 
Explanation of the Results of the Intermediate Test.—The score means 
for group B^ are less than those for group A-j_ on the intermediate test. 
The pupils of B-j_ have a score mean of 5.51 less than the score mean for 
group Ai for arithmetic reasoning. The difference is significant. The 
critical ratio of the difference is 2.91 which means that the chances are 
100 in 100 that the true difference is greater than zero. The difference 
of 8.42 for arithmetic fundamentals is significant. The critical ratio of 
3.45 means that the chances are 100 in 100 that the true difference is 
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greater than. zero. There is a significant difference of 13.64 for the total 
arithmetic score. When evaluated by the critical ratio, 3.32, the meaning 
is that the chances are 100 in 100 that the true difference is greater than 
zero. If these classes or similar classes were retested after the same type 
of instruction, under the same conditions as of the first 9 weeks, there is 
absolute certainty that group would make the better score. 
Group B]_ immediately became the experimental group referred to as group 
B;> and group became the control group referred to as group A^. See 
figure 1, page 27. 
The errors made by group were similar to, but fewer than those made 
by group A^ and B^ on the initial test. See Chart 5, page 85 . The indi¬ 
vidual instruction given pupils of B^ was similar to that given group A^. 
In most cases the individual instruction was more quickly understood by 
pupils of B^ than by pupils of A^. This was partially due to the fact that 
although this was the control group the first 9 weeks, it was exposed to 
some of the same instructions while studying the regular eighth grade work 
as group A]_* 
On January 24, 1941, the final test was given both groups. The results 
are found in Table 5 page 74 , Chart 6 , page 86, Chart 7 page 87 and Chart 
8 page 88. 
Explanation of the Final Test Results.—-The score means of group B£ 
are less than those for group A£ on the final test. See Table 5 on page 
The arithmetic reasoning score mean for group B^ is 2.03 less than the 
arithmetic reasoning score mean for group A . This difference is not signi- 
ficant. Its critical ratio, 1.29 means that the chances are 90 in 100 that 
the true difference is greater than zero. . There is a difference of 1.40 
for arithmetic fundamentals. This difference is not significant. The 
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critical ratio, .71 indicates that the chances are 76 in 100 that the true 
difference is greater than zero. The mean difference of the total arith¬ 
metic scores is 3.20. This is not a significant difference as its critical 
ratio, .89 means that the chances are 82 in 100 that the true difference 
is greater than zero. 
It is interesting to note that at the initial testing period, the 
critical ratio proved that group A]_ had 87 chances out of 100 of making 
a better score than group B]_. At the final testing period group A2 had 
82 chances out of 100 of making a better score. Group B-j_ had increased 
its chances for making a better score, from 13 out of 100 on the initial 
test, to 18 out of 100 on the final test. 
Explanation of the Gains and the Per Cent Gains of Groups A and B.— 
The critical ratio of each test proved that the chances in 100 were in 
favor of group A. Both the initial and final test scores for group B 
are smaller than the initial and final test scores for group A. However, 
Tables 6 and 7 on page 75 prove that group B gained more than group A 
over the 18 weeks period. The graph on page 76shows the increase of both 
groups during the experiment. 
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TABLE 4 
SHOWING THE MEAN, THE STANDARD DEVIATION, THE STANDARD ERROR OF THE MEAN, 
THE DIFFERENCE OF THE MEAN, THE CRITICAL RATIO, AND CHANCES IN 100 BETWEEN 
GROUP A AND GROUP B ON THE INTERMEDIATE TEST 
Arithmetic Reasoning 
Group A N—22 Group B 
Mean 56.22 • • 50.91 
Standard De¬ 
viation 6.50 • • 5.60 
Standard Error 
of the Mean 1.58 • • 1.19 
Reliability of the Difference Between the Means 
Difference 5.51 
Standard Error - 
of the Difference 1.82 
Critical Ratio 2.91 
Chances in 100 100 (In favor of Group A) 
Arithmetic Fundamentals 
Mean 60.37 ï 51.95 
Standard De¬ 
viation 7.50 î 10.40 
Standard Error 
of the Mean 1.59 : 2.21 
Reliability of the Difference Between the Means 
Difference 8.42 
Standard Error 
of the. Difference 2.44 
Critical Ratio 3.45 
Chances in 100 100 (In favor of Group A) 
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(Table 4 continued) 
Total Arithmetic 
Group A  N—22 Group B 
Mean 95.91 • • 82.27 
Standard De¬ 
viation 11.50 • • 14.70 
Standard Error ' 
of the Mean 2.45 : 3.17 
Reliability of the Difference Between the Means 
Difference 13.64 
Standard Error 
of the Difference 4*11. 
Critical 
Ratio 3.32 
Chances in 100 100 (In favor of Group A) 
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TABLE j5 
SHOWING THE MEM, THE STMDARD DEVIATION, THE STMDARD ERROR OF THE MEAN, 
THE DIFFERENCE OF THE MEAN, THE CRITICAL RATIO, AND CHMCES IN 100: BE¬ 
TWEEN GROUP A MD GROUP B ON THE FINAL TEST 
Arithmetic Reasoning 
Group A N—22 Group B 
Mean 43.40 • * 41.37 
Standard De¬ 
viation 5.50 : 5.00 
Standard Error 
of the Mean 1.17 • • 1.06 
Reliability of the Difference Between the leans 
Difference 2.03 
Standard Error 
of the Difference 1.57 
Critical Ratio 1.29 
Chances in 100 90 fin favor of Group A) 
Arithmetic Fundamentals 
- 
Mean 66.10 • • 64.70 
Standard De¬ 
viation 7.50 9 9 5.50 
Standard Error 
of the Mean 1.59 9 • 1.17 * 
Reliability of the Difference Between the Means 
Difference 1.40 
Standard Error 
of the Difference 1.97 
Critical Ratio .71 
Chances in 100 76 (In favor of Group A) 
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(Table 5 continued) 
Group A N—22 Group B 
Mean 108.60 • • 105.40 
Standard De¬ 
viation 11.00 • • 12.00 
Standard Error 
of the Mean 2.34 • • 2.56 
Reliability of the Difference Between the Means 
Difference 3.20 
Standard Error 
of the Difference 3.46 
Critical Error .89 
Chances in 100 82 (In favor of Group A) 
TABLE 6 
SHOWING THE SCORE MEANS, GAINS AND PER CENT GAIN FOR GROUP A 
Initial 
Test Final Test Gains Per Cent 
Arithmetic Reasoning 26.63 • 43.40 : 16.77 s 63 
Arithmetic Fundamentals 47.60 : 66.10 : 18.50 : 39 
Total Arithmetic 73.30 108.60 : 35.30 : 48 
TABLE 7 
SHOWING THE SCORE MEANS, GAINS AND PER CENT GAIN FOR GROUP B 
Initial 
Test Final Test Gains Per Cent 
Arithmetic Reasoning 22.78 : 41.37 • 18.59 : 81 
Arithmetic Fundamentals- 44.50 : 64.70 î 20.20 45 
Total Arithmetic 67.37 : 105.40 : 38.03 : 57 
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GRAPH SHOWING THE EFFECT OF BOTH METHODS OF 






SD1MARI AND CONCLUSIONS 
The purpose of this study was to determine the arithmetical difficul¬ 
ties of two classes of eighth grade pupils and attempt a program of indi¬ 
vidual instruction. 
Two classes of 22 pupils each were selected. Both classes were given 
the Henmon-Nelson Tests of Mental Ability, form A, and also form A of the 
Progressive Arithmetic Test. The errors made on the diagnostic test deter¬ 
mined the individual instruction. One group (B]_) was controlled nine weeks 
while the other group (A^) received individual instruction on the errors 
made. The control group continued with eighth grade arithmetic work as sug¬ 
gested by the department of education. At the beginning of the tenth week, 
a second (Intermediate) test was given to determine the achievement of both 
groups. Immediately, the control group (B^) became the experimental group, 
while the former experimental group (A-j_) became the control group (A2). At 
the end of nine weeks a final test was given. See figure 1, page 27. 
In group A, pupils 16 and 22 made the largest score increase. Both 
increased 58 points. Pupil 16 made a score of 125 on the final test to 
compare with an initial score of 67. Pupil 22 made a score of 102 on the 
final test to compare with an initial score of 44. The largest per cent 
of increase was 56.8 made by pupil 22. The smallest score increase in 
group A was 22 made by pupil 11 / His per cent of increase was 64. 
In group B, pupil 44 made the largest increase. She had a final 
score of 100 to compare with an initial score of 56. Her increase was 64 
and the per cent of increase was 64. Pupil 26 in group B made an increase 
score of 9 which was the smallest. Her per cent of increase was 9.5. 
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See Chart 8, page 88. 
A most distressing fact revealed by the tests is that pupils 26 and 29 
regressed on the intermediate test. See Chart 8, page88 . During the month 
of October an epidemic of influenza was in the city.. Pupil 26 lost eight 
days during this time. Two elements, the loss of time and poor health con¬ 
ditions, might have caused her to regress 5 points. Pupil 29 was a truant 
case. His attitude toward school had grown bitter and he was forced to re¬ 
enter school on November 12. His I. Q. of 91 led the investigator to be¬ 
lieve he was able to do the work. See Chart 1, page 81. The decreased 
score was attributed to his being absent and his attitude toward studying. 
With the aid of the principal, Mr. J. L. Jenkins and the truant officer, 
Mr. U. Richardson, the investigator was able to keep this pupil in school 
and impress upon him the value of the opportunity. His final score of 117 
as compared with the intermediate score of 76, gives an increase of 41. 
The average pupil took about three minutes longer to complete the 
final test than to complete the initial test. The constant emphasis, 
through the experimental periods, on the point of accuracy being more im¬ 
portant than speed, evidently carried over into the final testing. 
One great weakness that the pupils have overcome is the ability to 
check results. They have learned that they are working for a correct so¬ 
lution, rather than just an answer. After the final test, pupils were asked 
to make statements about checking work. The statements were the following* 
Pupil 23: "All of us make mistakes but the better the pupil is the fewer 
mistakes he will make because he will check". Pupil 3* "The better the 
pupil is the more of his mistakes he will find." Pupil 30: "All check 
methods do not have to be exact. Approximate methods can be used sometimes." 
Pupil 19: "Most problems have reasonable answers. We should always let 
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reasoning help with our checking". 
A gratifying thing about this experiment is that one is able to get a 
true picture of the effect of the individual instruction method and the con¬ 
trol method of teaching. The results do seem unquestionably to justify the 
conclusion that, in teaching arithmetic reasoning, and the fundamentals of 
arithmetic, direct, specific instruction and drill on known difficulties are 
superior to the usual method of general attack through unselected examples 
chosen at random from some textbooks. Table 3 page 28 , and Table 4 page 72 - 
show that in each case there is a greater gain caused by individual in¬ 
struction than by the control method. 
The outcome of this study has convinced the investigator that teaching 
arithmetic can be of such that the pupils will not dislike or avoid the sub¬ 
ject. It is the investigators desire that other teachers may also benefit 
from the experiment. In the classroom, the writer will work out the follow¬ 
ing principles which are the outgrowth of this study: 
1. Provision will be made for individual differences in rates of 
learning, learning difficulties and interests. 
2. Materials will be as highly individualized, self-instructive and 
flexible as possible. 
3. The teaching of arithmetic will contribute to the socialization 
of the pupil through the development of desirable social qualities and 
attitudes. 
4. The teaching of arithmetic will constantly stress the purpose and 
functions of number to the end that the pupil may have an appreciation of 
number as a device invented by man to bring order, arrangement and precision 
to the quantitative aspects of the environment. 
5. Consideration of the application of number will not be limited to 
80 
the arithmetic period only, bub will take place whenever the need arises 
naturally in the work in any subject. 
The results of this study seem to justify five conclusions* 
1. Difficulties in method are much harder to overcome than weaknesses 
in the factual knowledge. 
2. Pressure of speed seems to promote inaccuracy. 
3. It is the pupil's responsibility to find and remove his own arith¬ 
metical difficulties. He must come to realize that regardless of all the 
attention and care his teacher may give him, his success in computation 
depends entirely upon his own efforts. 
4. All of the pupils made a greater gain under the influence of indi¬ 
vidual instruction than under the influence of the control method. 
5. It is possible, with pupils of average intelligence, in the eighth 
grade to correct factual knowledge and process skills of arithmetic reason¬ 
ing and arithmetic fundamentals, with a reasonable expenditure of time in 
properly motivated individual instructional work. It was done to an appré¬ 
ciât able extent in this study. These pupils were given approximately 5400 
minutes of arithmetic work during the semester. Half of this time was de¬ 
voted to individual instruction of arithmetic difficulties and the other 
half to regular eighth grade arithmetic work. 
The fourth conclusion in this study, is in accordance with the second 
conclusion found by Ethel E. Smith and William H. Burton in their study of • 
"The Effect Upon Pupil Achievement in Arithmetic Reasoning and Arithmetic 
Computation of a Supervisory Program, Emphasizing Computation". 
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APPENDIX 
CHARE I SHOWING THE MENTAL ABILITY OF BOTH GROUPS 
Pupils 
C. Age 
Yr. Mo. Score I. Q. 
Mental Age 
Yr. Mo. 
1 12 - 11 66 . . 106 12 - 9 
2 16 - 4 58 73 11 - 10 
S 15 - 1 72 92 13 - 9 
4 14 - 11 63 83 12 - 6 
5 14 - 7 73 95 13 -, 10 
6 16 - 11 57 73 11 - 9 
7 15 - 9 77 93 14 - 8 
8 14 - 1 70 102 14 - 6 
9 14 - 2 55 82 11 - 6 
10 15 - 11 68 87 13 - 0 
11 15 - 6 43 69 10 - 6 
12 15 - 2 65 84 12 - 8 
13 14 - 4 57 82 11 - 9 
14 14 - 10 59 81 12 - 0 
15 16 - 3 54 71 11 - 5 
16 16 - 6 82 90 15 - 8 
17 14 - 6 61 87 12 - 4 
18 13 - 6 62 92 12 - 5 
19 15 - 4 46 70 10 - 9 
20 16 - 9 53 68 11 - 4 
21 15 - 10 43 67 10 - 6 
22 15 - 10 52 71 11 - 3 
23 14 - 8 64 87 12 - 9 
24 15 - 6 80 98 15 - 2 
25 15 - 1 60 81 12 - 2 
26 16 - 6 55 72 11 - 6 
27 13 - 0 68 93 13 - 0 
28 13 - 6 76 107 14 - 6 
29 15 - 5 73 91 13 - 10 
30 14 - 3 54 79 11 - 5 
31 14 - 3 65 89 12 - 8 
32 13 - 11 54 83 11 - 5 
33 14 - 7 50 82 11 - 1 
34 13 - 2 49 85 11 - 0 
35 15 - 4 62 81 12 - 5 
36 13 - 8 62 90 12 - 5 
37 15 - 11 39 65 10 - 2 
38 13 - 5 59 91 12 - 0 
39 14 - 3 52 74 11 - 3 
40 17 - 4 51 65 11 - 2 
41 16 - 5 70 83 13 - 3 
42 16 - 5 44 66 10 - 7 
43 13 - 6 61 91 12 - 4 
44 17 - 1 51 65 11 - 2 
CHART II SHOWING ERRORS MADE BY GROUP ON THE INITIAL TEST 






















1 5 4 2 5 4 6 2 9 37 2.7 
2 S 5 4 '8 3 3 9 15 50 3.6 
5 5 7 6 8 7 7 6 5 51 3.7 
4 5 11 4 12 3 5 5 7 52 3.8 
5 4 6 3 13 7 5 9 5 52 3.8 
6 4 9 2 9 5 6 6 12 53 3.9 
7 3 11 6 7 6 8 8 5 54 3.9 
8 7 3 2 10 6 12 7 8 55 4 
9 6 9 6 11 7 5 6 6 56 4 
10 6 9 5 8 9 8 9 3 57 4.1 
11 9 10 5 10 7 7 7 4 59 4.2 
12 7 7 8 10 5 7 6 10 60 4.3 
IS 6 10 6 10 5 7 4 12 60 4.3 
14 6 7 4 11 8 8 9 9 62 4.5 
15 7 5 6 11 11 8 8 10 66 4.8 
16 6 3 ' 4 8 7 10 14 16 68 4.9 
17 9 9 8 11 8 7 8 10 70 5.1 
18 9 - 4 5. 11 7 9 10 16 71 5.1 
19 9 11 3 15 11 11 12 7 79 . 5.7 
20 6 11 4 14 11 10 14 10 80 5.8 
21 8 8 6 13 13 13 10 18 89 6.4 
22 10 11 6 15 12 11 11 15 91 6.6 
T otals 140 170 105 230 162 173 180 212 1372 
CHART III SHOWING ERRORS MADE BY GROUP \ ON THE INITIAL TEST 






















23 3 2 2 7 3 3 2 3 25 1.6 
24 7 9 4 6 5 4 5 3 43 2.8 
25 3 6 5 12 4 4 6 7 47 3.1 
26 6 11 3 8 4 5 4 7 48 3.1 
27 6 6 3 7 5 7 10 5 49 3.3 
28 6 10 4 11 4 6 5 3 49 3.3 
29 4 9 3 15 6 7 3 9 56 3.6 
30 4 7 6 7 8 6 10 11 59 3.8 
31 8 11 7 9 6 6 5 11 63 ’ 4.1 
32 5 9 4 10 11 12 6 7 64 4.2 
33 7 10 2 10 14 8 6 8 65 4.2 
34 11 11 5 10 9 10 6 11 73 4.8 
35 7 11 5 14 5 8 17 9 76 5 
36 7 15 8 14 6 12 6 12 80 5.2 
37 8 10 8 12 12 8 6 17 81 5.3 
38 10 11 6 12 14 8 14 8 83 5.4 
39 6 10 7 11 7 15 13 17 , 86 5.6 
40 10 11 5 11 14 12 10 16 89 5.8 
41 7 13 9 11 11 13 16 14 94 6.1 
42 10 9 9 10 14 14 15 13 94 6.1 
43 7 11 6 12 15 11 15 17 94 6.1 
44 9 15 8 15 12 12 17 11 99 6.5 
Totals 151 217 119 234 189 191 197 219 1517 
CHART I? CHART SHOWING ERRORS MADE BI GROUP Ax ON THE INTERMEDIATE TEST 






















1 4 3 1 3 1 1 4 2 19 2.1 
2 1 3 1 8 2 3 5 0 23 2.6 
S 3 5 5 5 4 3 4 1 28 3.1 
4 4 10 2 7 3 2 2 0 30 3.4 
S 0 6 0 7 6 3 6 5 33 3.7 
6 1 5 2 1 2 2 3 7 23 2.6 
7 1 8 2 3 4 10 4 3 35 3.9 
8 5 3 1 7 8 5 6 1 36 4 
9 5 8 5 10 2 3 5 5 43 4.9 
10 2 7 4 7 4 3 4 5 36 4 
11 8 10 5 11 7 6 5 3 55 5.1 
12 4 6 7 9 3 4 5 5 43 4.9 
13 3 4 0 7 4 2 4 5 29 3.2 
14 6 9 4 5 5 7 10 7 53 6.1 
15 4 4 3 8 7 5 9 3 43 4.9 
16 4 5 .1 6 5 1 11 7 40 4.5 
17 3 5 1 9 0 9 6 3 36 4 
18 4 5 2 6 3 7 12 9 48 5.4 
19 8 6 3 11 11 11 9 5 64 7.2 
20 6 8 1 10 6 8 10 11 60 6.8 
21 5 5 3 10 6 9 7 10 55 5.1 
22 6 8 4 10 3 4 9 6 50 5.6 
Totals 87 133 55 160 96 108 140 103 882 
























23 3 0 4 2 1 21 5 4 21 1.8 
24 6 4 3 3 2 3 3 4 28 2.3 
25 5 7 1 8 5 3 4 3 36 3.0 
26 7 7 3 13 4 4 8 6 52 4.4 
27 6 3 2 9 5 8 9 5 47 4 
28 4 6 2 8 3 5 4 3 35 2.9 
29 8 8 3 9 9 5 8 9 59 5 
30 5 6 7 6 4 4 8 7 47 4 
31 4 8 ' 3 5 . 4 7 2 16 49 4.1 
32 6 5 3 8 8 10 7 5 52 4.4 
33 3 6 6 11 5 5 5 5 41 3.5 
34 9 8 4 9 6 11 6 10 63 5.3 
35 6 12 3 11 7 8 3 4 54 4.6 
36 5 10 5 8 6 7 8 12 61 5.2 
37 3 8 6 11 5 9 10 7 59 5 
38 7 8 6 10 6 9 10 11 67 5.7 
39 6 6 4 9 8 9 15 13 70 5.9 
40 7 9 4 9 12 12 10 13 76 6.4 
41 7 8 6 7 10 8 12 9 67 5.7 
42 10 10 6 9 12 13 14 12 86 7.3 
43 4 8 - 6 10 10 8 9 5 60 5.1 
44 6 7 3 8 2 6 6 4 42 3.5 




CHART VI SHOWING ERRORS MADE BY GROUP A2 ON THE FINAL TEST 




















1 1 0 0 2 2 4 2 5 14 2.3 
2 1 2 2 4 3 2 2 2 18 3 
3 3 2 1 7 2 2 2 3 22 3.7 
4 1 1 1 5 2 2 2 2 16 2.7 
5 0 8 0 6 3 2 4 5 28 4.7 
6 0 0 0 3 4 1 2 2 12 2 
7 0 3 1 5 2 1 7 2 21 3.5 
8 0 2 1 5 3 1 2 1 15 2.5 
9 3 5 2 6 6 3 3 3 31 5.2 
10 0 2 0 7 3 1 7 3 23 3.9 
11 4 7 5 3 5 3 4 6 37 6.3 
12 5 5 3 5 0 2 3 2 25 4.2 
13 2 3 3 5 2 2 4 2 23 3.9 
14 4 2 2 6 2 3 5 7 31 5.2 
15 1 5 2 8 5 5 6 7 39 5.6 
16 0 0 2 1 1 1 3 2 10 1.7 
17 3 0 1 8 2 4 3 5 26 4.4 
18 2 0 1 5 4 3 3 7 25 4.2 
19 2 6 2 7 7 8 8 5 45 7.6 
20 2 4 3 6 7 6 7 10 45 7.6 
21 4 3 2 9 6 8 6 11 ■ 49 8.5 
22 5 7 4 7 4 3 2 1 33 5.6 
Totals 43 67 38 120 75 67 87 91 588 
CHART VII SHOWING ERRORS MADE BT GROUP ON THE FINAL TEST 























23 3 0 0 3 0 0 3 2 11 1.6 
24 1 4 2 2 0 0 0 0 9 1.3 
25 1 0 0 4 1 • 2 2 2 12 1.8 
26 5 4 3 5 5 6 4 7 39 5.8 
27 1. 3 1 6 2 2 3 2 20 5 
28 3 0 2 1 2 2 1 0 11 1.6 
29 1 , 2 1 4 4 0 3 3 18 2.7 
30 4 1 0 5 0 2 4 0 16 2.4 
51 2 , 4 1 4 5 4 4 10 34 5.1 
32 5 6 2 7 5 3 6 6 40 6 
33 6 3 2 ■ 8^ 1 3 5 1 29 4.3 
34 5 7 3 7 10 5 10 8 55 8.2 
35 2 3 3 6 5 6 5 4 54 5.1 
36 2 5 1 8 3 4 5 5 33 4.9 
57 5 1 4 7 3 7 5 5 37 5.5 
38 3 4 2 3 5 4 6 5 32 4.8 
39 3 2 3 7 6 6 5 4 36 5.4 
40 3 4 2 6 3 7 8 10 43 6.4 
41 3 5 2 7 7 5 5 6 40 6 
42 6 5 5 7 5 6 7 8 49 7.3 
43 2 5 4 7 6 3 4 2 33 4.9 
44 3 3 3 7 4 5 4 6 35 5.2 
Totals 69 71 46 121 82 82 99 96 666 
88 
CHART VIII SHOWING THE PUPILS' SCORES ON EACH TEST, THE INCREASE AND 
THE PER CENT OF INCREASE 
Pupils Initial Intermediate Final 
Score 
Increase 
Per Cent of 
Increase 
1 98 n6 121 23 25.5 
2 85 112 n7 32 27.3 
3 84 107 n3 29 25.6 
4 83 105 n9 36 30.2 
5 83 102 107 24 22.4 
6 82 n2 123 41 33.3 
7 81 100 114 33 28.9 
8 80 . 99 120 40 35.3 
9 79 92 104 25 24 
10 78 99 112 34 30.3 
11 76 80 98 22 22.4 
12 75 92 no 35 31.8 
13 74 106 112 37 33 
14 73 82 104 31 29.8 
15 69 92 96 27 28.1 
16 67 95 125 58 46.4 
17 65 99 109 44 40.3 
18 64 87 no 46 41.8 
19 56 .71 90 34 37.7 
20 55 75 90 35 38.8 
21 46 80 86 40 46.5 
22 44 85 102 58 56.8 
23 no m 124 14 11.2 
24 92 107 126 34 27.7 
25 88 99 123 35 28.4 
26 87 83 96 9 9.3 
27 86 88 ns 29 25.2 
28 86 100 124 38 30.6 
29 79 76 117 38 ' 32.4 
30 76 88 ‘ 119 43 36.1 
31 72 86 101 29 28.7 
32 71 83 95 24 25.5 
33 70 94 106 36 32.2 
34 62 72 80 18 22.5 
35 59 81 101 42 41.5 
36 55 74 102 47 46.1 
37 54 76 98 44 44.8 
38 52 68 103 51 49.5 
39 49 65 99 50 50.5 
40 46 59 92 46 50 
41 41 68 95 54 56.8 
42 41 49 86 45 52.3 
43 41 75 102 61 59.8 
44 36 93 100 64 64 
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Name     Grade  
School Age Sex G-B  
Teacher   Date :  
TEST SUBJECT 
3. Arithmetic Reasoning 
A. Number Concept 
B. Symbols and Rules . 
Possible 










40 5.0 6.0 • 7.0 60 
I III I 
. Z 3 4 6 8 10 12 14 18 201 a ZS 
00 10.0 . 11.0 
I I 1 
30 3Z 36 3» SO 44 46 40 
4- 4—Ï- 
4-4- 4-4- 
C. Numbers and Equations . 10 1 2  3 4 3 b 7 8 y 
D. Problems 15 
4. Arithmetic Fundamentals 80 
2 4 5 6 7 ft 9 10 H 12 O 
I l 1 
5 10 15 Z0 25 30 3 40 45 60 65 70 
1 
73 7Ï 
E. Addition 20 
F. Subtraction 20 
G. Multiplication .... 20 
H. Division 20 
TOTAL ARITHMETIC . . 135 
3 i 5 6 8 9 10 II 12 a U IS IB 17 IB 19 




15 16 17 16 19 
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3 4 6 7 8 9 10 II 12' 13 14 15 16 17 IB « , , 
o — 2 3 4 J 6 ? 8 9 W II 12 II 14 IS 16 17 T 
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60 i ’.1 ' 60 1 9.0 l no i 11.0 
Gr*.de Placemen) 
3. 
ANALYSIS OF LEARNING DIFFICULTIES 







4. Arithmetic Fundamentals 
E. ADDITION: 
 .Simple combinations.  .....1-2 - 
.....3-6 
,, Borrowing yvfth mÎY#»rl 
-.14-15 
—16-17 
numbers  .... 
Subtracting fractions 
Carrying    
 Zeros       -2, 8 18-19 
Column addition  —4-6 G. MULTIPLICATION: ............ I l 
 Adding money.  -.6,8 1-7 
and decimals  12-14 Denominate numbers  6-8  Zeros in multiplicand  ....3,6,7 
 Concept of negative 
numbers  15 common denominators.,10,12-15 
 Zeros in multiplier.  
Two-place multipliers... 
—5,6,7 
  4-7 
SYMBOLS AND RULES: 
l 2 6.in numbers  .11-15 
Cancellation of frac- 
12-15 
 Adding fractions and 
Rules  11-15 decimals  .16-17 numbers  —13-16 
 Negative numbers.—, 1-5 
 Solving equations 6-10 
PROBLEMS: 
  Two-step problems. 1-3 
 Sharing and averaging.... 1-3 
 Square and cubic 
measure  4-7 
 Commission and 
discount  ...13-15 
 Percentage  9-12 






 Simple combinations 1-2 
 Borrowing ...  3-7 
 Zeros  1 2,4,5 
- Subtracting money 6-7 
 Denominate numbers : 6-8 
 Subtracting numerators  .9-10 
 Reducing fractions to 
common denominators .*...11-12 
-Fractions and decimals  17 
-Pointing off decimals 18,19 
DIVISION: 
 Tables 1-7 
 Zeros in quotient. 2,6 
 Remainders  — 7 
 Inverting divisor in 
fractions  10-15 
 Mixed numbers 13-15 
 Reducing fractions to 
decimals 16 
 Pointing off decimals. 17-19 
Copyright 1937r hy E. W. Tiegs and W. W. Clark 
Published by Southern California School Book Depository, Ltd. 
3636 Beverly Boulevard, Los Angeles, California 
ANALYSIS OF LEARNING DIFFICULTIES 
If the diagnostic profile indicates that the pupil is making normal progress in all fields, the teacher will have no use for the following 
analysis. However, where the achievement it below a desirable standard, in one or more major fields, the following device will assist in isolat¬ 
ing and analyzing the specific causes of difficulty as a basis for remedial instruction. 
The numerals and capital letters in the diagnostic analysis correspond to the sections of the test similarly marked. For example, if the 
diagnostic profile shows unsatisfactory achievement in Test 4, Sec. D (addition in arithmetic fundamentals) an inspection of the unsatisfactory 
responses in this section of the test (by number) will reveal whether or not remedial instruction is needed in carrying, use of zeros, reduc¬ 
ing to common denominators, and the like. These topics are then checked by the teacher as the basis for remedial work. 
Once an adequate diagnosis has been made, remedial instruction is frequently a simple matter. However, teachers have in the past' 
found the clerical work incident to following each individual pupil a heavy burden. Such extra work is almost completely eliminated if this 
diagnostic analysis it torn from the test beoklet and kept on the teacher’s desk, where the various items may be checked off as the pupil 
masters them. 
TEST 3. SEC. A These are rules used in measurement: 
Write each of these numbers on the line to the right, 
using numbers, like sample. 
0. Twelve. 12 0 
1. Eight hundred forty-five. 1 
2. Five thousand twenty. 2 
3. Ten thousand sixty-four. 3 
4. One million ten thousand 
eleven.  ! 4 
5. Five-sixths. 5 
6. Ninety-nine dollars and five 
cents. 6 
7. Fifty-five per cent. 7 
Draw a line under the correct number. Write it on 
the line to the right. 
8. LXX means 20 30 70 90 3 
9. DCC means 200 400 600 700 9 
10. M means 500 1,000 4,000 6,000 10 
Draw a line under the largest number and write it on 
the line to the right. 
45 200 * 156 80 11 
8934 664 iô6% 12 
.025 .099 .75 .015 . 13 
% Va % 14 
H . (VA)2 (2AV ma 15 
See. A. Score (number right)  
TEST 3. SEC. B 
Write the correct answer on the line to the right. 
l: V6 4  1 
2. 10% of 50=  2 
3. A right angle equals how many 
degrees ?  3 
4. What are the factors of 15? 4 
5. What is the greatest common di¬ 
visor of 9, 18, and 27?  :5 
Rule 1. Multiply base by altitude. 
Rule 2. Multiply diameter by 3.1416. 
Rule 3. Multiply width by length. 
Rule 4. Divide area by width. 
Rule 5. Multiply length by width by 
height. 
Write the number of the rule which is used to find: 
Volume nf a nrism 11 
Area'of a rectangle 12 
T.ength nf a rectangle 13 
Circumference of a circle 14 
Area nf a triangle 15 
Sec. B. Score (number right)   
TEST 3. SEC. C 
Work these problems and write the answer on the line 




28  ' 
Subtract: 
2. 45 d 
28 d  2 
3. The minuend 8; the subtrahend 
.12; the difference is 3 
4. Multiply: 4 (—8) 4 
—24 
8 ~  3 
Find the value of x in each of these equations. Write 
each answer on the line to the right. 
Draw a line under the correct word. Write its letter 
on the line to the right. 
6. » means (a) add (b) pi 
(c) radius (d) degree 6 
7. % means (a) percent (b) subtract 
(c) dram (d) dollar 7 
8. 0 means (a) multiply (b) degree 
 (c) per cent (d) divide 8 
9. V means (a) add (b) ounce 
(c) interest (d) square root 9 
10. A means (a) square (b) triangle 
(c) circle (d) octagon 10 
Co right on to the next column 
6. 8 x = 40 
7. x + 5 = 12  7 
8. x2 = 81  8 
x 
9. — =8  9 
2 
10. If a = 4, b = 6, c = 2, find the value 
of x in the following equation. 
x = a -f- b — c  18 
Sec.' C. Score (number right)     
— 3 — 
TEST 3. SEC. D 
Directions: Work these problems. Write the answer 
on the line to the right. 
1. In a class-room there were 6 rows 
of desks with 7 desks in each row. 
Four desks were removed from the 




2. Jack bought a used automobile for 
$75.00. He paid $15.00 down and 
is to pay the rest in twelve equal 
payments. How much will each 
payment be? 
 2 
3. May weighs 95 pounds, Sally 
weighs 85 pounds, and Jane 
weighs 120 pounds. What is their 
average weight in pounds? 
3 
4. How many square feet in a school¬ 
room blackboard which is 4 feet 
wide and 12 feet long? 
 4 
5. A box is 10 inches long, 6 inches 
wide, and 4 inches deep. How . 




6. Find the area of a parallelogram 
having a base of 20 in. and an alti¬ 
tude of 8 in. 
 6 
7. Find the area of a triangle having 
a base of 20 in. and an altitude of 
12 in. 
 7 
8. When the scale of a map is 
u}i in. 
= 20 mi.”, how many miles apart 
are two cities that are represented 
on a map as lj^ in. apart? 
8 
9. Dick, Harry, and James together 
received $50.00. Dick received 
$15.00, Harry received $25.00 and 
James received $10.00. What per 




J ames  
10. Frank earned $16.00 and saved 
$8.00 of it. What per cent did he 
save? 
11. A man received seven per cent 
interest on a loan of $200.00 for 
one year. How much interest did 
he receive? 
12. Helen missed 3 problems on a test 
but did 85^> of them correctly. 
How many problems were there 
in the test. 
13. John sold brushes at $1.50 and 
received a commission of 30% of 
his sales. How much did he make 
on each brush sold? 
14. A wooden building, valued at 
$12,500, was insured for 80% of 
• its value. The rate of insurance 
.was 24 cents per $100. What was 
the amount of the premium? 
15. Mary’s father has a furniture store. 
The list price of a chair is $50.00 
and two discounts are given, one of 
20% and another of 10%. What 
did the chair cost Mary’s father? 
Sec. D. Score (number right) Co right on to the next column 
TEST 4. SEC. E 
These are problems in addition. Write your answers under the 
problems and also on line to the right. 
u) 
2 3 6 
+4 2 3 (2) l 
3 0 7 
% +4 3  (3) 2 
2 7 
2 5 3 
2 5 (5) 
4 2 3 2 7 1 
3 3 9 4 6 8 
7 2 13 4 5 4 




1 2.7 5 
+ 8.1 5 (7) 6 
3 yd. 2 ft. 8 in. 
+2 yd. 1 ft. 6 in. 7 



















5 3% 14 • 
1 2% 
+3 2% • 15 
<«« 6 y2 + 6.5 = 16 
'17) 18%+ 12.15 = 17 
18 '18) .05 + .164 + .2108 = 
(’9) 33.4 + 6.21 + .0382 + 8 = .  » 
<2Q> 10% of 60 + 10% of 80 = 
Sec. E. Score (number right) 
— 5 — 
TEST 4. SEC. F 
These are problems in subtraction. Write your answers under 
the problems and also on the lines to the right. 
(1) 
3 8 7 
—2 5 2 
(4) 
2 4 6 0 
—18 7 0 
(2)   1 
4 5 8 
—10 6 «>  2 
5 2 
—1 6  3 
(5)  4 
8 5 0 7 
—2 9 3 9 <«>  s 
$15.2 5 
— 1.6 5  * 6 








5 da. 8 hr. 30 min. 






















(16) 30.6 — sy2 = 16 
(17) 55% —12:22 = 17 
(18) 86.350 — 24.15 = 18 
(19) 57.09 — 7.0435 = 19 
(20) % of 20 — % of 12 = 20 
Sec. F. Score (number right) 
— 6 — 
TEST 4. SEC. C 
These are problems in multiplication. Write your answers 
under the problems and also on the lines to the right. 
(i) 
3 2 2 
X 6 
(2)   1 
2 0 0 
X 5 <3! 2 
(4) 
7 0 6 
X 8 3' 
4 8 6 
X 32 (5) 4 
9 5 6 
X 4 0 (6) 5 
(7) 
5 0 0 
X 3 0 
(8) 
6 
2 0 3 6 
X 2 0 8 7 
2 yd. 5 ft. 6 in. 
X 5 8 
(9) 
4xy4= . 9 
*■ (10) 
% X % = 
10 
HD 
% x % = 11 
(12) 




8 X 2y4 =* 
13 
(14) 
8% X % = 14 
(15) 





Xl 2 16 
3 5.75 
x 31/5 17 
(18) 





X.O 2 5 (20) „ 
5 X 30% of 30= 20 
Sec. C. Score (number right)  
— 7 — 
TEST 4. SEC. H 
These are problems in division. Write your answers over the 




4)3 2 (2) 
2 
6)6 0 <3> 
3 
(4) 5)4 5 5 
4 
4)4 2 4 (5) 
5 
(6) 22)8 9 3 2 
6 
300)9 000 (7) 
7 
(8). 46)3 4 7 6 




y24 2= 9 
6-4-4/5 = du 
10 
(12) 










- 150-7-1% = 15 
16 








.03).7 0 2 
20 
% of 8 -T- % of 6 = 
Sec. H. Score (number right) 
— 8 — 
